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1,  Introduction 


In  July  19^3,  the  Rubber  Reserve  Conuany  requested  the  national 
Bureau  of  Standards  to  undertake  the  ■Drep^ration  of  a standard  table 
of  liquid  densities  of  six  Ch  hydrocarbons,  occxirring  in  feed  stocks  for 
l,3“butadien®  atanufaeture,  for  use  in  weight  and  volume  conversions, 

Oa  August  10,  1943 » a eonfereaciB  on  the  subject  of  Oh  Hydrocarbon, 
liquid  densities  wag  held  in  Washington,  S,G,  under  the  ausplcss  of  the 
Rubber  Reserve  Company,  The  attendance  at  this  conference  included 
representatives  from  the  following  organ! zat ion® s (l)-  Rubber  Reserve 
Company;  (2)  Petroleum  Administration  for  War;  (3)  Technical  Advisory 
Committee  of  Petroleum  Industrial  War  Council;  (4)  Ifational  Bureau  of 
Standards;  (5)  Petroleum  Refining  Laboratory,  Penasylvania  State  College; 
(6)  Natural  Gasoline  Association  of  America;  (7)  Phillips  Petroleum 
Oomperiy;  (S)  1®  I,  du  Pont  de  Nemours  & Company;  and  (9)  M,  W,  Kellogg 
Company, 

At  this  conference  it  was  agreed; (l)  to  include  two  Cj  hydrocarbons, 
propane  and  propene,  arid  two  C5  hydrocarbons,  n~pentane  and  Iso-pentan© 
since  these  are  usually  present  to  a minor  extent  in  the  C4  fraction;  (2) 
to  calculate  densities  from  eqaiatlons,  assuming  that  the  sum  of  liquid  and 
vapor  densities  at  saturation  is  a linear  function  of  temperature;  (3)  to 
prepare  three  separate  tables  in  different  units,  namely,  grams  per  mllli~ 
liter,  pounds  ner  gallon,  and  density  ratios  relative  to  the  density  at 
60* P, ; and  (U)  to  cover  the  temoerature  range  -50*  to  l4o®P. , tabulating 
values  at  every  1®?  from  0®  to  120®P  and  every  2®y  outside  this  Interval, 


2,  Experimental  Basis  of  Tables 


The  values  of  density  given  in  these  tables  are  based  largely  oa 
recent  extensive  measurements  from  three  different  sources,  namely. 
Natural  Gasoline  Association  of  America(l);  Royal  Dutch“3hell  Laboratory, 
Am8terdam(2) ; and  Petroleum  Refining  .Laboratory,  Pemisylvania  State 
College(3),®  A comparison  of  densities  in  g/ ml  (reported  values 
minus  tabulated  values)  x 10*^  is  given  below.  Thus*,  the  aumber® 
given  indicate  differences  in  the  fourth  decimal  place  between  two 
values  of  density  in  g/ml.  For  example,  for  n- butane  at  6o®F,  the 
N,  G»A,  A,  reported  0.58U0,  these  tables  give  0,5838,  and  the  difference 
is  40.0002  or  4-2xl0”\ 


^References  (1),  (2),  (3)  etc.  are  assembled  in  Section  10. 
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Temp,  Pro-  Pro-  Butane  1-but-  n-pen- 
pene  pane  n-  iso-  ene  tane 


Natural  Gasoline  Aseociation  of  America  (1) 


l40 

«f44 

-1 

+1 

-2 

120 

4-21 

+1 

**•3 

4l 

100 

^6 

-1 

-1 

-1 

80 

+5 

-2 

+3 

— 

-2 

60 

4-2 

i-i 

+2 

0 

-5 

-2 

Uo 

<♦■2 

■►4 

0 

-1 

-7 

-3 

20 

4-2 

4-6 

+2 

4.4 

-8 

-2 

0 

4-4 

^3 

4-1 

+4 

-8 

-4 

Temperature  Hoyal  Dutch- 

■Shell 

Laboratory,  Amsterdam  (2) 

«p 

®C 

122 

50 

+4 

“5 

“►3 

113 

45 

4.6 

-6 

44 

104 

40 

4.2 

^8 

44 

95 

35 

4.4 

-8 

•►3 

86 

30 

4-1 

-7 

*3 

77 

25 

4-1 

-7 

*3 

68 

20 

-1 

-8 

*3 

Butene 

60 

15.56 

4-1 

-8 

4.4 

1- 

ci8-2  trans  iso- 

1,3 -but a- 

50 

10 

-2 

-12 

♦3 

-2 

di  ene 

Petroleum  Refining  Laboratory, 

Pennsylvania  State  College  (3) 

68 

20 

-1 

0 

4-1 

0 0 0 

-5 

50 

10 

-2 

-4 

4-1 

4-1  0 -1 

“5 

32 

0 

-1 

»5 

0 

0 4-1  0 

-6 

14 

-10 

-1 

„4 

0 

-1  4.1  -1 

-4 

-20 

— ™ 

-2 

-2 

4-1 

-1  4-2  -1 

“3 

-22 

-30 

— 

0 

0 

4-2 

-1  4-1  -1 

-1 

-40 

-40 

— 

0 

-1 

+3 

-2  4-2  4-1 

4-1 

-58 

-50 

»3 

-1 

4-2 

-2  4-1  -2 

0 

-76 

-60 

-3 

-5 

4.1 

-2  4-1  -3 

0 

She  tabulated  values  for  the  butenes  are  based  largely  on  measurements 
from  on©  laboratory  (3)  which  are  in  good  agreement  with  measurements  at  32®!* * 
fro®  another  source  (*)  as  shown  below. 

Butane 


1-  cis-g  tran6-2  iso- 

0,6183  ( interoolated  value)  ° 


Source  of  Data 
in  g/ml  at  32«IP 


(3) 

(•) 

These  Tables 


.6190  o.6U4h  0.6270  0,6180 

.6188  .6hh8  .6269  .6181 

.6189  .644h  .6270  .6180 

(*)  Private  communication  from  0.  Bgloff.  Universal  Oil  Products  Co,,  which 
stated  that  samules  were  obtained  from  G,  B,  Kistiakowsky  and  co-workers 
(J.  Am.  Chem.  Soc.  57.  876.  1935) 
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The  tatnilated  values  for  n-pentane  and  iso-pentane  are  based  in  part 
on  the  measurements  of  Sidney  Young  and  of  Jean  TisBineriiians,  The  agreement 
with  the  tables  is  indicated  by  the  following: 

Measurements  Average  Difference,  g/?«l 

No.  Range'  n-peatan@  iso-pentane 

9 »49  to  +59*F  ±0.0004  to* 0003 

4 s6  to  i4o®F  ±0.0001  ±0.0003 


Observer 

Timmermans  (4) 
Young  (5) 


The  tabulated  values  for  l»3-bui-adiene  are  based  in  part  on  unpub- 
lished measureiaente  by  (s)  the  PhillipiH  Petroleum  Company,  Bartlesville, 

Okla, , (b)  the  Shell  Development  Company,  itoeryville,  Calif,  and  (e)  the 
National  Bureau  of  Standards* 

Van  der  Vet  of  the  Royal  Dutch-Shell  Laboratory  (2)  measured  the  den- 
sity of  two  samples  which  “analytical  rectification®  showed  — consisted 
of":  Sample  n-butaa®  iso-butane 

1 96,6  3.4  mol  ^ 

2 9.6  90.4  mol  ^ 

The  values  reported  for  100^  of  each  component  were  calculated  from  the 
measurements  using  these  compositions  and  assuming  addivity  of  volumes. 

Van  der  Vet  states  that  "A  highly  purified  product  was  used  for  the 
determinations  with  propane  in  which,  upon  sampling  the  gas  phase,  no 
ethane  could  be  detected,  and  upon  sampling  the  residue  obtained  by 
evaporating  the  liquid  to  10/^  by  weight  of  residue,  no  butane  could  b® 
detected.  From  this  it  was  concluded  that  the  purity  of  the  product 
amounted  to  at  least  99*5  Since  the  results  obtained  deviated 

considerably  from  values  in  the  literature,  the  correctness  of  th®  result 
was  especially  checked  by  making  duplicate  determinations  at  25®  and 
with  a different  picnometer,  different  balance,  and  different  weights, 

"The  results  showed  a disparity  of  no  more  than  0,05/^," 

The  Natural  Gasoline  Association  of  America  (l)  and  Van  der  Vet  (2) 
employed  the  same  general  method  which  used  a lower  metal  cylinder,  la 
liters  4,5  (1)  and  1,3  (2),  immersed  in  a bath,  with  a short  connection 
Including  a valve  extending  above  the  bath  to  a smaller  upper  cylinder, 
partially  filled  with  liquid  and  maintained  at  a higher  temperature.  By 
changing  the  temperature  of  the  upper  cylinder.  Van  der  Vet  (2)  measured 
the  isothermal  compressibility  of  the  liquid (results  quoted  in  Section  7) 
and  extrapolated  observed  densities  under  compression  to  obtain  the  density 
under  saturation  pressure.  In  the  N,  0,  A.  A,  (1)  measurements  below  room 
temperature,  the  upper  cylinder  was  apparently  unheated,  while  for  measure- 
ments at  80®,  100®,  120*  and  l4o*F  the  upper  cylinder  was  heated  externally 
"to  keep  its  temperature  10*  to  15*F  higher  than  the  bath  temperature",  and 
no  corrections  were  applied  for  compressibility.  Such  corrections  are  large 
for  propane  as  shown  in  the  following  illustration  which  assumes  that  differ- 
ences (Dq  «»  Di)  between  observed  and  tabulated  values  are  entirely  due  to 
compressibility  and  leads  to  reasonable  values  for  the  temperature  of  th© 
upper  cylinder,  when  some  allowance  is  made  for  other  sources  of  error. 
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ti,  lower  Sq  ■°°  t2»  upper 


(^linder 

•J 

»0  - % 

e/ai 

P2  ” PI 

g/g^. 

atm 

P2  “ PI 

atm 

%2  ” ti 

cylinder 

Of 

1I40 

.001®“ 

.00097** 

4,5 

18 

158 

120 

.0021 

.00061 

3.4 

16 

136 

100 

9 0006 

.00043 

1.4 

8 

108 

80 

,0005 

.00033 

1.5 

10 

90 

60 

,0001 

,00027 

0.4 

3 

63 

Uo 

.0004 

.00023 

1.7 

18 

58 

20 

,0006 

.00020 

3.0 

36 

56 

0 

•0003 

.00018 

1.7 

28 

28 

2©  * density  observed  at  ti  mdar  pressure  pg 

* density  tabulated  at  under  pressure  px  (saturation) 

P2“Pl  * aiBotint  of  coapreasioa  (eoluam  2 divided  by  column  3) 
t2“tx  *»  tempe  corresponding  to  change  in  vapor  pressure*  P2  "•  Pi 
•Values  in  this  column  were  obtained  from  measurements  of  Van  der  Vet® 
assuming  (dD/dp)^  a linear  function  of  l/(tg"t)^  (tg  » critical  temperature). 
The  H«{J*A«Ae  measurements  on  propane  are  in  good  accord  with  these  tables. 


39  Comparison  of  Eeeults  of  Various  Observers  with  the  Tables, 

Dana  and  co-workers  (6)  estimated  the  accuracy  of  their  resTilts  on 
liquid  densities  as  0,5^0  The  variation  with  temperature,  over  the  observed 
range,  32®  to  133*^9  t®  good  agreement  with  the  tables  but  the  absolute 
values  differ  systematically  as  follows; 

Propane  n- butane  i so-butane 

Ho,  of  observations  12  8 8 

Observed  ® tables,  $ avg,  409^^3  “=0*^7  40.22 

Observed  tables,  g/ml  avgo  4O9OO2O  »0*0015  40,0012 


The  above  statement  also  applies  to  the  extensive  measurements  obtained 
in  the  Physical  Chemistry  Laboratory  of  McGill  University,  Montreal,  Canada, 
as  followgs 


Eydr© carbon 

Ho.  of 
Obs, 

Tmp. 

lange 

®P 

Oba. -Tables 
Average 

g/ial  i 

Reference 

Propane 

6 

-50  to  -12 

40.0018 

40.31 

Maas 8 & 'Wright 

(7) 

Propene 

7 

“55 

4 ,0014 

4 .25 

Maas 8 & Wright 

(7) 

Propene 

s 

468  to  4*139 

4 ,0011 

4 .24 

Pall  Se  Maas  3 

(S) 

a-butaa® 

19 

-30  to  490 

± .0003 

± .05 

Coffin  & Maass 

(9) 

ieo-butane 

19 

-18  to  4-78 

4 .0020 

4 .34 

Coffin  & Maasa 

(9) 

l“butene 

33 

-50  bo  450 

- .0012 

- .20 

Coffin  & Maass 

(9) 

2-buten®® 

26 

-44  to  4*64 

4 ,00^® 

4 .62® 

Coffin  & liaass 

(9) 

iso-butea® 

25 

-52  4*53 

4 .0010 

4 .16 

Coffin  & Maass 

(10) 

• A mixture  ©f  cis  and  traffle=>2“but©n©.  The  observed  densities  are  compared 
with  tabulated  values  for  tran8“2-butane. 
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The  resMlts  obtained  at  the  California  Institute  of  Technology, 


compare  with  the 

tables,  as 

follows! 

Temp. 

Obs.  - 

tables 

9f 

g/ml 

Propane 

Reference 

69,4 

40.0034 

40.7 

93. S 

4 .0031 

40.7 

Sage,  Schaafsma 

113. S 

4 .0039 

40.9 

& Lacey  (11) 

122.4 

4 ,0049 

41.1 

130.6 

4 .0061 

41.4 

138.1 

4 .0072 
n-butane 

41.7 

70 

4 .004l 

4 .71 

100 

4 .0030 

4 .54 

Sage,  Webster 

130 

4 .0037 
iso-butane 

4 .69 

& Lacey  (12) 

70 

4 .0037 

4 .67 

100 

4 .0027 

4 .30 

Sage  & Lacey 

130 

4 .0020 

^ .39 

(13) 

Comparison  with 

the  results 
Propane 

of  other 

observers  is  as  follows! 

86 

4 .0011 

40.2 

104 

4 .0039 

40.8 

Deschner  & 

122 

4 .0057 

41.3 

Brown  (l4) 

l40 

4 .0070 
Pronene 

41.6 

32 

4 .0446 

48,2 

77 

4 .0317 

46,3 

Vaughan  & 

122 

4 .0221 
n-butane 

44,8 

Graves  (I5) 

32 

4 .0003 

4 .05 

Kay  (16) 

70 

4 .0003 

4 .05 

100 

4 .0005 

4 .09 

130 

4 .0008  4 .15 

n-pentane 

32 

- .0002 

» .03 

Chavanne  & Simon  (17) 

59 

- ,0003 

- .05 

Calingaert  (18) 

-22 

- .0011 

- as 

Dornte  & Smyth  (19) 

14 

- .0009 

- .14 

Dornte  & Smyth  (I9) 

50 

- .0001 

- ,02 

Dornte  & Smyth  (I9) 

68 

4 ,0001 

4 .02 

Dornte  & Smyth  (I9) 

S6 

.0000  .00 
iso-pentane 

Dornte  & Smyth  (I9) 

32 

.0000 

.00 

Chavanne  & Simon  (17) 

32 

.0000 

.00 

Timmermans  & Martin  (20) 

59 

.0000 

.00 

Timmermans  & Martin  (20) 

59 

- .0002  - .05 

1,3-bntadlene 

Calingaert  (18) 

21.2 

- .0022 

-0.54 

Prevost  (21) 

68 

4 .0001 

4 .02 

I.G.  Farb.  (22) 

50 

4 .0003 

4 ,05 

32 

4 .0004 

4 ,06 

N 

14 

4 .0003 

4 ,05 

S 

-4 

- .0005 

- .07 
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The  values  of  liquid  density  at  saturation  reported  In  these  tables 
were  calculated  from  equations  of  the  form 

D (liquid)  D (vapor)  a A - Bt  (1) 

where  D = density  in  g/ml  and  t « temperature  in  The  constants  A and 

B,  chosen  to  fit  the  experimental  data  used  as  a hasis  for  the  tables 
(See  Section  2),  are  as  follows; 


Hydrocarbon 

A 

B 

propane 

0.55780 

0.000575 

propene 

.57770 

,000625 

n- butane 

.62095 

.000542 

iso-butane 

, 62065 

,000553 

1-butene 

.64110 

.000585 

ciB-2-butene 

.66520 

,000580 

t ran 8- 2“ but  ene 

,64750 

.000565 

iso-butene 

,64000 

.000580 

l,3“*butadiene 

.66715 

,000593 

n- pentane 

.66285 

,000513 

iso-pentane 

.65690 

.000513 

5,  Equations 

in  Reduced  Units  and 

Critical  Data 

Equation  (1)  gives  at  the  critical  temperature,  tg. 

3)  (liquid)  + D (vapor)  s 20^  (critical  density)  = A - Btc  (2) 

Equation  (l)  may  be  written  in  rediiced  units  in  the  forms 


D (liquid)  -f  D (vapor) 

2 Dq  (critical) 


1 4-  G (1  - T/Tc) 


(3) 


where  T = t®F  459,7  and  C s 

Equations  (l)  (2)  and  (3)  are  expressions  of  the  so-called  "Law  of  the 
Rectilinear  Diameter**  usually  credited  to  Cailletet  and  Mathias  (Coropt,  rend. 
102,  1202,  1886),  This  law,  like  the  ideal  solution  laws,  fits  the  facts 
within  experimental  errors  in  some  cases  but  not  in  others,  A fairly  general 
rule  seems  to  be;  (l)  when  C is  less  than  unity,  the  law  is  obeyed,  (the  mean 
diameter  is  straight);  (2)  when  C is  greater  than  unity,  the  law  fails  (the 
mean  diameter  is  curved).  This  rule  is  not  confined  to  hydrocarbons  but 
applies  to  the  elements  and  to  all  single- component  liquids  for  wh.ich  accurate 
data  are  available.  In  some  cases  where  the  rectilinear  diameter  law  holds 
above  the  normal  boiling  point,. there  is  some  indication  of  deviations 
exceeding  experimental  errors  as  the  freezing  point  is  approached,  although 
such  deviations  might  be  attributable  to  impurities  (dissolved  air,  for 
example). 


In  the  case  of  the  11  hydrocarbons  considered  here,  the  most  accurate 
data  available  indicate  that  the  law  is  obeyed  over  the  temperature  range 
covered  by  the  measurements  within  the  accxiracy  estimated  by  the  observers 
(usually  less  than  0,1^),  Extrapolating  the  mean  diameter  to  the  critical 
temperature  gives  a value  for  the  critical  density,  D^,  which  is  probably 
more  reliable  than  can  be  obtained  by  any  other  method.  The  values  of  Dg 
calculated  in  this  manner  are  given  below.  An  error  of  1®F  in  tg  corresponds 
to  about  0,1/^  in  Dg,  while  a systematic  error  in  the  experimental  data  at  the 
lower  temperatures  yielding  an  erroneous  value  for  the  slope,  B in  eq  (1)  or 
C in  eq  (3),  mi^t  correspond  to  more  than  1^  in  Dg,  Some  evidence  of  the 
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consistency  of  the  data  is  supplied  hy  the  reasonably  consistent  values 
obtained  for  the  dinentlonless  quantities  C and  PcVc/KTc  ■ Hfc/DcfiTc 
(where  M a molecular  weight).  Further  evidence  is  supplied  by  the 
fact  that  equations  (l),  with  the  constants  A and  B determined  from 
data  over  the  range  -50®  to  lUo®F,  yield  values  of  Dq  which  are 


consistent  with 

isothermal 

data  in 

the  critical 

region. 

Hydrocarbon 

tc 

Oy 

Pc 

atm 

Dc 

g/ml 

C 

RTc 

Propane 

206. 2a 

42,0a 

0,21961 

0.871 

0.279 

Propene 

196,5b 

45.5b 

.2277 

.901 

.280 

n- butane 

305.6c 

37.5c 

.2277 

,911 

.274 

iso-butane 

272. 2d 

2.13.2. 

,"OP5 

• 273 

^6,/  ■ 

.zis'S 

.xns 

1-butene 

291, Oe 

39.2* 

.235“* 

.933 

.273 

ciS” 2-butene 

320  • 

41.5* 

.2398 

.9“*3 

.273 

t ran 8-2-butene 

311  * 

40,5* 

.2359 

.923 

.274 

iso-butene 

292. 5f 

39.5f 

,2352 

.927 

.275 

l,3“butadiene 

305. 6g 

‘*2.76 

.2430 

.934 

• 272 

n-pentan© 

387«Oh 

33.0h 

,2322 

.935 

,266 

iso-pentane 

3 70. Oh 

3?.9b 

.2336 

,911 

.269 

*Eetimated  value 

a J,  A,  Beattie,  K,  Poffenberger  and  C,  Hadlock,  J,  Chem,  Phys.  3 » 96,1935 
b W,  S,  Vaughan  and  N,  R,  Graves,  Ind,  Eng,  Chem,  32,  1252,  19^0 

c J,  A,  Beattie,  G,  L,  SSmard  and  G,  J,  Su,  J.  Am,  Chem,  Soc,  6l,  24, 1939 *» 

also  Kay,  reference  (l6) 

d Hatural  Gasoline  Association  of  America,  ’‘Physical  Constants  of  Paraffin 
Hydrocarbons,”  Au^^^t^,'^\9^1, 

0 C,  C,  Coffin  and  0.  Maaos,  J®  Amer,  Chem,  Soc,  50*  1^27,  1928 

f J.  A,  Beattie,  H,  G,  Ingersoll  and  W,  H,  Strockmayer,  J,  Am,  Chem, 

Soc,  64,  546,  1942 

g National  Bureau  of  Standards,  unpublished  measurements 

h S,  Young,  Sci,  Proc,  Roy,  Dublin  Soc,  12,  374,  I9IO 

1 Values  in  this  column  were  calculated  from  eq  (2),  They  are  consistent 

with  measTirements  in  the  critical  region.  See  ”An  equation  for  the 
isotherms  of  pure  substances  at  their  critical  temperatures"  by 

C,  H,  Meyers,  J.  Research  Nat,  Bur,  Standards  29,  157»  19^  (Research 
Paper  1493), 


6,  Vapor  Density  and  Vapor  Pressure 

Values  of  the  density  of  the  saturated  vapor  are  not  given  for  all 
of  the  liquids  in  these  tables  but  approximate  values  may  be  obtained 
easily  by  using  eq  (l)  in  the  form 

D(vapor  in  g/ml)  « A - Bt(®F)  - D (liquid,  tabulated  value  in  g/ml) 
For  example,  substituting  the  appropriate  values  for  1,3-butadiene  at 
60®F  gives 

D( vapor)  = O.66715  - 0,03558  - 0.6266  * 0,0050  g/ml 
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For  use  in  calculating  the  tables,  7ax)or  densities  were  calcxilated 
from  data  on  vapor  pressure,  taking  Into  accotint  deviations  from  the 
ideal  gas  law  by  means  of  the  relation 

~ (rapor)  - 1 - ^ 

ET 

where  ? ® vol/mole,  P©  = critical  pressure  (values  in  section  5 were  used), 
® » 2,71S;  n s 0,70  which  has  been  shown  to  agree  well  with  existing  data 
on  many  substances  (See  C,  H,  Meyers,  Bisr,  Standards  Je  Hesearch  11,  69I, 

1933.  616) • 

Tapor  pressure  measurements  available  in  the  literature  are  discordant 
on  some  of  these  hydrocarbons,  probably  due  to  differences  in  purity,  and 
2io  measurements  were  found  above  the  normal  boiling  point  for  some  of  the 
butenes,  ?aluea  of  vapor  pressure,  given  below,  appear  to  be  sufficiently 
reliable  for  the  purposes  of  caleailating  these  tables  but  may  be  Inadequate 
for  some  other  purposes.  These  values  were  obtained  from  available  data 
by  plotting  log  p ♦ 4,3%  Tb/T  versus  T (Tb  = T at  normal  boiling  point) 
which  brings  the  curves  together  near  the  normal  boiling  point,  making 
extrapolations  easier  and  permits  reading  from  the  curves  to  a fraction 
of  one  percent. 


Tamp 

, Pro- 
pane 

Pro- 

pane 

Mtane 

But 

@ n @ 

1.3 

Buta- 

diene 

Pentane 

is®- 

1- 

cis-2 

trans 

-2 

iso- 

n- 

iso- 

(Vapor  : 

pressure  in 

atmosp' 

hares 

used  to  cedculate  tables) 

l4o 

20,87 

24,67 

6.29 

8,54 

7.56' 

5.68 

6.10 

7.66 

7.21 

2.096 

2.705 

120 

16,47 

19e5S 

4.77 

6.56 

5.60 

4.26 

‘•.59 

5.67 

S'.  45 

1.510 

1.965 

100 

12,85 

15.^5 

3.54 

4.94 

4.25 

3.12 

3.37 

4.30 

4,03 

1.059 

1.392 

80 

9«S2 

11.82 

2.56 

3.63 

3.08 

2.23 

2.42 

3.12 

2,91 

0.719 

0.959 

So 

7.35 

8,91 

1.79 

2,60 

2,18 

1.54 

1.69 

2.21 

2.05 

.471 

40 

5»37 

6,56 

1.21 

1.81 

1,50 

1,03 

l,l4 

1.53 

1.39 

.295 

.412 

20 

4,70 

0.79 

1,21 

0.99 

0,66 

0,74 

1,01 

.92 

.177 

.254 

0 

2,62 

3.26 

.50 

0,7s 

,63 

.41 

,46 

0.64 

.5S 

.100 

.148 

-20 

1.74 

2,18 

,29 

.48 

.38 

.24 

.27 

.39 

.35 

.054 

.082 

-40 

1,10 

1.39 

.17 

.28 

,22 

,13 

.15 

.22 

,20 

,027 

.043 

Heferencesi 

(numbers  refer  to 

references  given 

in  Section  10) 

0 

a,  d 

fo3.9 

8*3 

a 

a 

a 

a,h,m 

k.m 

t 

7,11.14 

7*15  12.16 

9.13 

3*9 

3 

3 

3.10 

3 

5 

5 

a and  Roper,  J,  Am,  Che®,  Soc,  62,  8O6,  1940 

b Kemp  and  Fgsua,  J,  Am,  Chem,  Soc,  60,  1521,  193^ 
c Beattie,  Poff enberger,  and  Hadlock,  J,  Chem,  Phys,  3(  9^,  1935 
d Francis  and  Bobbins,  J,  km,  Chem,  Soc.,  55*  4339*  3.953 

0 Powell  and  (Jiaugue,  J,  Am,  Chem,  Soc,,  61,  2566,  1939 
f Aston  and  Mess erly,  J,  Am,  Chem,  Soc,,  62,  1917*  1940 

g Aston,  Kennedy  and  Schumann,  J,  Aa,  Chem,  Soc,,  62,  2059*  1940 
h Beattie,  Ingersoll  and  Strockmayer,  J.  Am,  Chem,  Soc,  64,  546,  1942 

1 Messerly  and  Kennedy,  J.  Am,  Chem,  Soc,  62,  2988,  1940 

j Schumann,  Aston  and  Sagenkahn,  J,  Am.  Chem,  Soc,,  64,  1039*  1942 
k national  Bureau  of  Standards  (unpublished  measurements) 
m Moore  and  Kanep,  Trans,  Experimental-Research  Laboratory  "Chemgas", 
Materials  on  Cracking  and  Chemical  Treatment  of  Cracking  Products, 
7ol  III,  p,  147,  1936,  Leningrad, 
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At  atmospheric  temperatures  during  summer,  the  vapor  densities  of 
many  of  the  04- hydro carbons  exceed  one  percent  of  the  liquid  densities 
and  it  may  be  desired  to  take  into  account  the  amounts  remaining  in 
partially  empty  containers.  The  following  values,  computed  as  outlined 
above,  may  be  useful  in  practical  apnlications.,  since  pressure  is  eailer 
to  measure  than  the  temperature  of  vapors^  and  vapor  density  varies 
linearly  with  pressure  more  closely  than,  with  temperature. 


(rage 

Vapor  Density 

Gage 

Vapor  Density 

Pressure 

n- Butane 

l,3“Butadl©ne 

Pressure 

n- Butane 

l,3“Butadi 

Ib/sq.  in. 

Ib/gal 

lb/ gal 

lb/ sq.in. 

Ib/gal 

Ib/gal 

90 

0,1475 

0.1375 

30 

0.0642 

0,0603 

88 

,1447 

.1349 

28 

.0615 

.0577 

86 

.1419 

,1323 

26 

.0588 

.0551 

S4 

.1391 

.1297 

24 

.0560 

.,0526 

82 

.1363 

,1271 

22 

.0533 

.0500 

80 

.133^ 

.1245 

20 

.0506 

.0474 

78 

.1306 

.1219 

18 

.0478 

.0448 

76 

.1278 

.1194 

16 

.0450 

.0422 

74 

.1250 

.1168 

l4 

.0423 

.0396 

72 

,1222 

.1142 

12 

.0395 

.0370 

70 

.119^ 

.1116 

10 

.0367 

.0344 

68 

,1166 

.1090 

8 

.0339 

.0318 

66 

.1138 

.1064 

6 

.0311 

,0292 

64 

,1110 

.1059 

4 

.0283 

.0265 

62 

,1082 

.1013 

2 

.0255 

.0239 

0 

.0226 

.0212 

6o 

,1054 

.0987 

58 

.1026 

.0961 

56 

.0998 

.0935 

Inches 

54 

.0971 

.0910 

Hg  below 

f)2 

.0943 

.0884 

1 atm. 

0 

.0226 

.0212 

50 

.0916 

.0859 

2 

.0211 

.0199 

4s 

,0888 

.0833 

4 

.0197 

,0186 

46 

,0861 

.0807 

6 

.0183 

.0172 

44 

.0834 

.0782 

8 

.0169 

.0159 

42 

.0806 

.0756 

10 

.0154 

.0145 

iJO 

.0779 

.0731 

12 

.0140 

.0132 

38 

.0752 

.0705 

l4 

.0125 

.0118 

36 

.0724 

.0679 

16 

.0111 

.0104 

34 

.0697 

.0654 

18 

.0096 

.0090 

32 

.0670 

.0628 

20 

.0081 

.0076 

At  the  same  pressure,  the  vapor  densities  of  the  butSnes  are 
intermediate  between  the  above  values  for  n-butane  and  1,3-butadlene, 
and  the  vanor  density  of  iso-butane  is  about  4 percent  greater  than  the 
value  given  for  n-butane. 
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7«  Compressibility  and  Pressure  Chan,?^e  with  Temperature  at  Constant  Density 


For  a single  phase,  the  density,  D,  is  a fiinction  only  of  the 
temperature,  t,  and  pressure,  p,  expressed  by  the  equation 
dD  = (dD/dt)p  dt  + (dD/dp)t  dp 

Applying  this  equation  to  the  liquid  phase  at  or  very  close  to  the 
saturation  limit,  designated  by  the  subscript,  s,  gives  the  relation 
(dJ)/dt)s  = (dD/dt)p  (dD/dp)t  (dp/dt)s 

and  also 

(dp/dt)D  = “(dD/dt)p  (dp/dD)t  = (dp/dt)8  -(dp/dD)t  (dD/dt)8 

Values  for  the  various  terms  in  this  equation  are  given  below  for 
propane,  n-“butane  and  iso-butane*  The  values  for  compressibility, 
-(l/V)(dV/dp)t»  are  quoted  from  measurements  reported  by  Van  Der  Vet  (2), 
These  values  were  multiplied  by  the  density  and  by  the  factor  1.033  (to 
convert  pressure  units  from  Kg/cm^  to  atiicqpheres)  which  give  the  tabulated 
values  for  ((iD/dp)t.  Values  for  (dD/dt)8  were  obtained  from  the  data 
used  as  a basis  for  these  tables  of  liquid  density  at  saturation,  Valiies 
for  (dp/dt)s  were  obtained  from  available  vapor  pressure  data  and  values 
for  (dp/dt)D  were  calculated  using  the  above  equation. 


Temper-s. 

(dV/dp)t 

D 

(dD/dp),  - 

(dD/dt)e 

X 10^ 
g/ml)/»P 

-(dD/dtU 

(dp/dt)s 

(dp/dt)D 

ature 

9f  ©0 

% 

X 10^,  . 

(kg/  cm^) 

•1  X 10^ 

g/ml  (g/ml)/atm  (, 

(dD/dpTt 

atm/®F 

atm/®F 

atm/*F 

50 

10 

4.4o 

0.515 

Propane 

2.34 

7.25 

3.35 

0.10 

3.4 

68 

20 

5.60 

.500 

2.89 

8.I40 

2.91 

.12 

3.0 

s6 

30 

7,20 

.485 

3.61 

9.10 

2.52 

.15 

2.7 

io4 

40 

9.40 

.468 

4.54 

10.0 

2.20 

.18 

2.4 

122 

50 

13.70 

.449 

6.35 

11.2 

1.76 

.21 

2.0 

50 

10 

2.25 

0.590 

n-butane 

1.37 

6.1 

4.45 

0.03 

4.5 

68 

20 

2,75 

.579 

1.64 

6.3 

3.84 

.04 

3.9 

86 

30 

3.25 

.567 

1.90 

6.5 

3.42 

.05 

3.5 

104 

40 

3.90 

.555 

2.24 

6.8 

3.04 

.06 

3.1 

122 

50 

4,60 

.543 

2.5s 

7.1 

2.75 

.07 

2.8 

50 

10 

2.80 

0.569 

iso- butane 

1.65 

6.5 

3.9** 

0.04 

4.0 

68 

20 

3.40 

.557 

1.96 

6.8 

3.47 

.05 

3.5 

86 

30 

4.05 

.s'*? 

2.28 

7.1 

3.11 

.06 

3.2 

104 

4o 

4,85 

.532 

2,67 

7.4 

2.77 

.08 

2.9 

122 

50 

5.90 

.51s 

3.16 

7.2 

2.47 

.09 

2.6 

Problem;  If  a container  is  filled  completely  with  liquid  C4-hydrocarbons 
at  the  temperature  rises  to  75'*^  t;he  next  day,  what  would  be  the 

rise  in  pressure? 

Assumptions;  (a)  Neglect  the  small  change  in  volume  of  the  container  with 
temperature  and  pressure;  (b)  assume  an  approximate  value  (dp/dt)D  - 4 atm/"F, 

Answer;  4 (atm/®P)  x 25  (*F,  temp,  rise)  = 100  atm  (pressure  rise) 
or  roughly  I5OO  Ibs/in^^ 

Large  containers  are  not  constructed  to  withstand  such  high  pressures, 
which  emphasizes  the  need  for  precautions  against  overcharging  and  for 
pressure  relief  devices  to  protect  against  violent  ruptures. 
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8«  Units  and  Constants 


Mass.  All  units  of  weight  used  here  are  weights  in  vacuo  (mass) 
euid  not  apparent  weight  in  air.  The  fundamental  unit  of  mass  used  is 
the  kilogram  which  is  related  to  the  pound  approximately  as  follows! 

1 pound  s 0.^535924  Kilograias 

Volume.  One  unit  of  liquid  volume  is  the  liter,  defined  as  the 
volume  occupied  hy  1 kilogram  of  water  at  its  maximum  density  (U®C  or 
39«2®J'),  This  unit  is  related  to  the  cube  of  a unit  of  length  as  follows! 

1 liter  » 1000.027  cm3 

From  the  present  legal  definition  of  length. 

1 cm  = 0.3937  in. 

hence 

1 liter  = 1000.027  x (0.3937)’  6l,0250  in3 

and 

1 gallon  « 231  in3  = 23I/6I.025O  = 3.7S5332  liters 

Density.  Mass  per  unit  volume  is  the  universal  definition  of  density. 
Using  the  above  factors  for  mass  and  volume, 

1 Ib/gal  = 453.5924/3785.332  = 0.1198290  g/ml 

and 

1 g/ml  = 3785.332/453.5924  = g.34523  lb/ gal 

Values  of  density  in  g/ml  were  calculated  from  the  equations  to  5 figures 
and  rounded  to  4 figures  in  table  1.  The  values  in  g/ml  to  5 figures  were 
(a)  multiplied  by  8.3^523  to  convert  to  values  in  Ib/gsd  given  in  table  2 
and  (b)  divided  by  the  density  at  60®F  in  g/ml  to  5 figures  to  yield  the 
ratios  given  in  table  3. 

Specific  gravity.  Densities  are  frequently  expressed  in  terms  of 
specific  gravities,  defined  by 

Specific  gravity  = density  of  liquid  at  tl^F. 

density  of  water  at  t2*y. 

Any  chosen  variety  of  specific  gravity  may  be  obtained  from  the  tabulated 
densities.  For  1,3-butadiene,  for  example 

Specific  gravity  at  60®/60®F  ts  0.6266/0.99904  « 0.6272 
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Table  1,  Density  in  grams  per  milliliter 


Temp,  Butane  Butene**  1»3” 

®F  Pro-  Pro-  n-  iso-  I-  cis-2  trans  iso-  Buta- 
pane  peae^  -2  , diene 


”50  1 

0.5845 

0.6o64  1 

0.6477 

0,6296  1 

0.669s 

0.6939  ' 

0.6754  ^ 

0.6685 

-48 

.5832 

.6050 

.6466 

,6285 

, 6686 

.6927 

*6743 

.6675 

”46 

.5820 

.6036 

.6454 

,6273 

.6674 

.6915 

.6731 

,6661 

”44 

.5807 

.6023 

.6443 

,6262 

.6662 

.6904 

.6720 

.6649 

”4? 

.579^ 

.6009 

.6432 

.6251 

.6650 

,6892 

,6708 

.6637 

0,6964 

.6952 

,6940 

.692s 

,6915 


-40  .5782 

“38  .5769 
“36  .5756 
“34  .5744 
"32  .5731 


.5995  .6421 
.5981  ,6410 

.5967  .6399 
.5953  .6388 
.5939  .6377 


.6239  .6638 
.6228  .6626 
,6216  .66i4 
.6204  .6602 

.6195  .6590 


,6880  ,6696 
,6g6s  .6685 
.6856  ,6673 
,6662 
.6835  .6650 


.6625  .6903 
,6613  .6891 
,6601  .6879 
. 6589  . 6s66 
.6577  .6854 


“30  .5718 

-28  ,5705 
“26  .5692 
-24  .5679 
”22  ,5666 


.5925  ,6365 
.5911  .6354 

,5897  ,6343 
,5882  .6332 
.5868  .6321 


.6181  .6578 
.6170  .6566 
.6158  ,6554 
.6146  .6542 

.6134  .6529 


,6821  .6639 
,6809  .6627 
,6797  .6615 
,6785  .6604 
,6773  .6592 


,6565  ,6842 
,6553  ,6830 
. 6541  , 6818 
.6529  ,6805 
.6517  .6793 


”20 

.5653 

,585^ 

,6309 

,6123 

”18 

,5640 

»5839 

,6298 

.6111 

”16 

.5627 

,5825 

,6287 

,6099 

”14 

.5613 

.5810 

.6275 

.6087 

-12 

,5600 

«5795 

,6264 

.6076 

.6517  ,6761  .6580  .6505 
.6505  ,6749  .6569  .6493 
.6493  ,6737  *6557  .6481 
.6480  ,6725  ,6545  .6468 
.6468  ,6713  • .6533  ,6456 


.6781 

,6768 

.6756 

.6744 

.6731 


”10  .5587  .5781  .6253 
"8  .5573  ,5766  ,6241 
.5560  .5751  .6230 
“4  .5545  ,5736  ,6218 
"2  .5532  .5721  .6207 


.6o64  ,6456  ,6701 
.6052  ,6443  ,6689 
,6©4o  .6431  .6677 
.6028  .6419  ,6665 
,6016  .64o6  .6653 


.6521  .6444  ,6719 
.6510  ,6432  ,6706 
,6498  .6419  .6694 
,6486  .6407  ,6681 
.6474  .6395  ,6669 


0 .5519 

.5706  .6196 

.6oo4 

1 ,5512 

.5699  .6190 

.5998 

2 .5505 

.5691  .6184 

.5992 

3 .5^98 

.5683  .6178 

.5986 

4 . 5491 

.5676  ,6173 

.5980 

5 . 5484 

,5668  .6167 

.5974 

6 ,5^11 

,5660  ,6161 

.5968 

7 .5470 

,5655  .6155 

.5962 

8 .5463 

.5645  .6149 

.5956 

9 .5456 

.5637  .6144 

.5950 

10  , 5449 

,5630  ,6138 

.5944 

11  .5442 

.5622  .6132 

.5937 

12  .5435 

.5614  ,6126 

.5931 

13  . 5428 

.5606  .6120 

.5925 

14  . 5421 

.5598  .6115 

.5919 

.6594  .6641  .6462  ,6382  .6656 

.6387  ,6635  .5456  .6376  ,6650 

.6381  .6629  ,6450  .6370  .6644 

,6375  *6623  .6444  .6364  .6637 

.6369  ,6617  ,6438  .6357  .6631 

.6362  ,6610  .6433  .6351  .6625 

.6356  .66o4  .6427  .-6345  ,6618 

.6350  .659s  ,6421.  .6339  .6612 

.6344  ,6592  .6415  .6332  .6606 

.6537  .6586  .6409  .6326  .6600 

.6331  ,6580  .6403  ,6320  .6593 

.6325  .6574  .6397  .6314  .65S7 

.6319  .6568  .6391  .6307  ,568! 

.6312  .6562  .6385  .6301  .6574 

.6306  .6555  .6379  .6295  .6568 


♦Propene  also  known  as  oropylene;  butene  also  known  as  butylene, 
8-4827 


Pentane 

n-  iso- 


0.6SS4  0.6824 
.6874  .6814 
.6864  .6804 

.6853  .^793 

.6843  . 6783 

,6833  .6773 
,6822  ,6762 
.6812  .6752 
,6802  .6742 
,6791  .6731 

,6781  .6721 
.6771  ,6710 
,6760  .6700 
.6750  .6690 
.6739  .6679 

.6729  ,6669 
,6719  .6658 

.6708  .6648 
.6698  ■ ,6637 
.6688  .6627 

,6677  .6616 
,6667  ,6606 
.6656  .6595 
,6646  .65S5 
.6636  .6574 

.6625  ,6564 
. 6620  . 6559 
.66x4  .6553 
,6609  .6548 
.66o4  .6543 

.6599  .6537 
.6594  .6532 
.6588  .6527 
.6583  .6522 
.6578  ,6516 

»6573  *6511 
,6567  ,6506 
,6562  .6500 
.6557  .6495 
.6552  .6490 


Table  1.  Density  in  grams  per  milliliter  (Cont'd)  LC-736»pl5 


Temp. 

Pro- 

pane 

Pro- 

pene* 

Butane 

But 

e n e • 

1.3“ 

Buta- 

diene 

Pentan© 

n- 

iso- 

1- 

cls-2 

trans 

-2 

iso- 

n-  iso- 

15  0.3klh 

0.5590 

0.6109  0.5913 

0.6299 

0,6549  0.6373 

0.6289 

0.6561  0.6546  0.6485 

16  .5407 

.5582 

.6103 

.5907 

.6293 

.6543 

.6367 

.6282 

.6555 

.6541  .6479 

17  .5^ 

.5575 

.6097 

.5901 

.6287 

.6557 

.6361 

.6276 

.6549 

.6536  .6474 

18  .5393 

.5567 

.6091 

.5895 

.6280 

.6531 

.6354 

.6270 

.6542 

.6531  .6469 

19  .‘5385 

.5559 

.6085 

.5888 

.6274 

.6525 

.6348 

.6263 

.6536 

.6525  .6463 

20  .5378 

.5551 

.6080 

.5882 

.6268 

.6519 

.6342 

.6257 

.6530 

,6520  .6458 

21  .5371 

.55‘*3 

.6074 

.5876 

.6261 

.6512 

.6336 

.6251 

.6523 

.6515  .6453 

22  .53 64 

.5535 

.6068 

.5870 

.6255 

,6506 

.6330 

.6244 

.6517 

.6510  .6447 

23  .5356 

.5527 

.6062 

.5864 

.6248 

.6500 

.6324 

.6238 

,6510 

,6504  .6442 

24  ,5349 

.5519 

.6056 

.5857 

.6242 

.6494 

.6318 

.6232 

.6504 

.6499  .6436 

25  .5342 

c5510 

.6050 

,5851 

.6256 

.6488 

.6312 

.6225 

.6497 

.6494  .6431 

26  .5335 

.5502 

.60  44 

.5845 

.6229 

.6481 

.6306 

.6219 

.6491 

,6488  ,6426 

27  .5327 

.5494 

.6038 

.5839 

,6223 

.6475 

.6300 

.6212 

.6484 

.6b«3  .6420 

28  .5320 

.5486 

.6032 

,5832 

.6216 

.6469 

.6294 

.6206 

,6478 

.6478  .6415 

29  .5312 

.5478 

.6026 

.5826 

,6210 

.6463 

.6287 

.6200 

.6471 

,6472  ,6410 

50  .5305 

.5470 

.6020 

.5820 

.6204 

,6456 

.6281 

.6193 

,6465 

.6467  ,64o4 

31  .5298 

.5462 

.6014 

.5813 

.6197 

.6450 

.6275 

.6187 

.6459 

.6462  ,6399 

32  .5290 

.5454 

.6009 

.5807 

,6190 

,6444 

.6269 

.6180 

,6452 

.6456  .6394 

33  .5283 

.5445 

.6003 

.5801 

,6184 

.6438 

.6263 

.6174 

.6446 

.6451  .6388 

34  .5275 

.5**37 

.5997 

.5794 

.6177 

.6431 

.6257 

,6167 

.6439 

.6446  .6383 

35  .526s 

.5429 

.5991 

.5788 

.6171 

,6425 

.6251 

.6161 

,6432 

.6441  .6377 

36  .5260 

.5420 

.5985 

.5782 

. 6l64 

,6419 

.6244 

.6154 

.6426 

.6435  .6372 

37  .5253 

.5412 

.5979 

.5775 

.6158 

,6412 

.6238 

.6148 

.6419 

,6430  .6367 

38  .5245 

,54o4 

.5973 

.5769 

.6151 

,64o6 

.6232 

.6l4l 

.6415 

.6424  .6361 

39  .5237 

.5395 

.5967 

.5763 

.6145 

,6400 

.6226 

.6135 

.64o6 

.6419  .5356 

4o  .5230 

.5387 

.5961 

.5756 

.6138 

,6394 

.6220 

.6128 

.6400 

.64l4  .6350 

4l  .5222 

.5379 

.5955 

.5750 

.6132 

.6387 

.6213 

.6122 

.6393 

.6408  .6345 

42  .5214 

.5370 

.5949 

.5743 

.6125 

.6381 

.6207 

.6115 

,6387 

,6403  .6340 

43  .5207 

.5362 

.5942 

.5737 

.6119 

.6375 

.6201 

.6109 

,6380 

,6398  ,6334 

44  ,5199 

.5353 

.5936 

.5730 

.6112 

,6368 

.6195 

.6102 

.6373 

.6392  .6329 

45  .5191 

.5345 

.5930 

.5724 

.6105 

.6362 

.6189 

.6096 

.6367 

.6387  .6323 

46  .5183 

.5336 

.5924 

.5717 

.6099 

.6356 

.6182 

.6089 

.6360 

.6382  .6318 

47  .5176 

.5328 

.5918 

.5711 

,6092 

,6349 

.6176 

.6082 

.6353 

.6376  ,6312 

48  .5168 

.5319 

.5912 

.5705 

.6085 

.6343 

.6170 

.6076 

.6347 

.6371  .6307 

49  .5160 

.5310 

.5906 

.5693 

.6079 

.6336 

.6163 

.6069 

.6340 

.6366  .6501 

50  .5152 

.5302 

.590© 

.5692 

.6072 

.6330 

.6157 

.6063 

.6335 

.6360  .6296 

51  .5144 

.5293 

.5894 

.5685 

«6o66 

,6324 

.6151 

.6056 

.6527 

.6355  .6291 

52  .5136 

.5284 

.5887 

.5678 

.6059 

.6317 

.6145 

.6050 

.6320 

.6349  .6285 

53  .5128 

.5275 

.5881 

.5672 

.6052 

.6311 

.6138 

. 6045 

.6313 

.6344  .6280 

54  .5120 

.5266 

.5875 

.5665 

.6045 

,6304 

.6132 

.6036 

.6307 

.6339  .6274 

•Propene  also  known  as  propylene;  butene  also 

known  i 

as  butylene. 

®-4827 


LC-736,pl6 


Table  1,  Density  in  graras  per  milliliter  (Gont®d) 


Temp, 

Of 

Pro- 

pane 

Pro- 

pene* 

Butane 

Butene* 

1.5“ 

Buta- 

diene 

Pentane 

n- 

iso- 

1» 

eis-2  trans 
-2 

iso- 

a-  iso- 

55  0.5112 

0.525s  0.5S69 

0.5659  0.6039 

0.629s  0.6126  0.6030 

0,6300 

0.6335  u.b269 

56 

.5104 

.524$ 

,5863 

.5652 

.6032 

.6291  .6119 

.6023 

.6293 

.6328  .6263 

57 

.5096 

.5240 

.5S'56 

.5645 

.6025 

.6285  .6113 

.6016 

,6286 

.6322  .6258 

58 

.5088 

.5231 

.5850 

.5639 

.6019 

.6278  .6106 

,6009 

.6280 

.6317  .6252 

59 

.5080 

.5222 

,5844 

.5632 

.6012 

,6272  .6100 

,6003 

,6273 

.6311  .6247 

60 

.5072 

.5213 

,5838 

.5626 

,6005 

.6266  ,^94 

.5996 

, 6266 

,6306  ,6241 

61 

.5064 

.5204 

.5832 

.5619 

.5998 

,6259  ,6087 

,5989 

.6259 

,6301  .6235 

62 

.5055 

.5195 

,5825 

.5612 

.5991 

.6253  ,6081 

,5983 

.6252 

.6295  .6230 

63 

.50‘*7 

.51S5 

,5819 

.5605 

.5985 

.6246  .6075 

.5976 

,6246 

,6290  ,6224 

64 

.5039 

.5176 

,5813 

.5599 

,5978 

,6239  , 6068 

.5969 

.6239 

.6284  .6219 

65 

*5031 

.5167 

,5806 

,5592 

,5971 

,6233  .6062 

.5962 

.6232 

,6279  ■ .6213 

66 

.5022 

.5158 

,5800 

.5585 

.5964 

,6226  ,6055 

,5955 

,6225 

,6273  ,6208 

67 

.5014 

.5148 

,5794 

.5579 

.5957 

,6220  .60% 

.5949 

,621s 

.626s  .6202 

68 

.5005 

.5139 

,5788 

.5572 

,5951 

,6213  .6o42 

.5942 

,6211 

.6262  .6196 

69 

.‘*997 

.5130 

,5781 

.55S5 

.5944 

,6207  ,6036 

,5935 

.6205 

,6257  ,6191 

70 

.4988 

.5120 

,5715 

.5558 

,5937 

,6200  ,6029 

,592s 

,6198 

.6251  ,6185 

71 

.4980 

.5111 

,5768 

.5551 

.5930 

,6194  ,6023 

,5921 

.6191 

,6246  .6180 

72 

.4971 

,5101 

.5762 

.5544 

.5923 

,618?  .6016 

.5914 

,6184 

,6240  .6174 

73 

.4963 

.5092 

.575S 

,5537 

.5916 

.61  SO  ,6010 

.590? 

.6177 

,6235  .6169 

74 

.4954 

.5082 

.5749 

.5531 

.5909 

,6174  ,6003 

,5900 

.6170 

,6229  ,6l6> 

75 

.4946 

»5073 

.5743 

.5524 

,5902 

.6167  .5997 

,5893 

,6163 

,6224  ,6157 

76 

.4937 

.5063 

,5736 

.5517 

.5895 

,6160  .5990 

,5886 

,6156 

,6218  .6152 

77 

.4928 

«5053 

,5730 

.5510 

.5888 

,6154  .5984 

,5879 

,6149 

.6213  .61 46 

78 

.4919 

.5044 

.5724 

.5503 

.5881 

.6i4t  .5977 

.5872 

.6142 

,6207  .6140 

79 

.4910 

.5034 

.571? 

.5^96 

.5874 

,6l4o  .5970 

,5865 

.6135 

,6202  ,6135 

SO 

,4901 

.5024 

,5711 

.5489 

.5867 

.6134  .5964 

,585s 

,6128 

.6196  .6129 

81 

.4893 

.5014 

.5704 

,5482 

.5860 

.6127  ,5957 

,5851 

,6121 

,6191  .6124 

82 

.4884 

.5004 

,569s 

.5475 

,5853 

,6120  .5951 

,5844 

,6ll4 

,6185  .61IS 

8^ 

.“*875 

,4994 

.5691 

.5468 

.5846 

,6li4  .5944 

,5837 

.6106 

.6179  ,6112 

84 

.4866 

.4984 

,5685 

,5^61 

.5839 

,6107  .5937 

.5830 

.6099 

,6174  .6106 

85 

.4856 

.4974 

.5678 

.5454 

.5832 

.6100  .5931 

.5823 

.G092 

.616s  .6101 

s6 

,4847 

.4964 

.5672 

.5447 

.5824 

,6093  ,5924 

.5816 

.6085 

.6163  ,6095 

87 

.4838 

,4954 

,5665 

.5440 

.5817 

,6os6  .5917 

.5809 

,6078 

.6157  .6089 

88 

.4829 

.4944 

.5659 

.5433 

.5810 

,6080  .5911 

.5802 

.6071 

,6152  ,608^ 

89 

.4820 

.4933 

.5652 

.5426 

.5803 

.6073  .5904 

.5795 

.6064 

.6146  .6078 

90 

.4811 

.4923 

.5645 

.5419 

.5796 

,6066  .5897 

,5788 

.6056 

.6140  .6072 

91 

.4801 

.4912 

.5639 

.5411 

.5789 

,6059  .5891 

,5780 

.6049 

.6135  .6066 

92 

.4792 

.4902 

.5632 

,54o4 

.5781 

.6052  .5884 

.5773 

,60  42 

.6129  .6061 

93 

.4783 

.4891 

.5626 

.5397 

.5774 

.6o46  ,5877 

,5766 

.6035 

.6124  .6055 

94 

.**773 

.4881 

.5619 

.5390 

.5767 

.6039  .5870 

.5759 

,6028 

.6118  .6049 

•Propeae  also 

known  ) 

as  -nropylene;  1 

butene  also  known  as 

butylene. 

8»4827 


Table  1,  Density  In  grams  per  milliliter  (Cont'd)  LC-736»pl7 


Teiap, 

•y  Pro- 

pane 

Pro- 

pone* 

Butane 

But  6 n e • 

1.3- 

Pentane 

n- 

iso-  1- 

ci8-2  trans 
-2 

iso—  Buta- 
di  ene 

n-  iso- 

35  0,4764 

0.4870  0.5612  0.5383  0.5760  0.6032  0,5863  ( 

D.5751  0.6020  1 

0.6112  0.6043 

96  .U754 

.4860 

.5606 

.5375  .5752 

.6025  .5857 

.57^  .6013 

.6107  .6037 

97  .4745 

.4849 

.5599 

.5368  .5745 

.6018  .5850 

.5737  .6006 

.6101  .6032 

98  .4735 

.4838 

.5592 

.5361  .5738 

.6011  .5843 

.5730  .5999 

.6095  .6026 

99  .**725 

.4827 

.5586 

.5353  .5730 

.6oo4  ,5836 

.5722  .5991 

.6090  .6020 

100  .4716 

.4816 

.5579 

.531*6  .5723 

.5997  .5829 

.5715  .5984 

.6084  ,6014 

101  .4706 

.4805 

.5572 

.5339  .5715 

.5990  .5822 

.5708  ,5976 

.6078  .6008 

102  ,4696 

.4794 

.5565 

.5332  .5708 

.5983  .5815 

.5700  .5969 

.6073  .6003 

103  .4686 

.‘*783 

.5558 

.5321*  .5701 

.5976  .5808 

.5693  .5962 

.6067  .5997 

104  .4676 

.•*772 

.5552 

.5317  .5693 

.5969  .5802 

.5685  .5954 

.6061  .5991 

105  ,4666 

.4761 

.551*5 

.5309  .5686 

.5962  .5795 

.5678  .591*7 

,6056  .5985 

106  .4656 

.U750 

.5538 

.5302  .5678 

.5955  .5788 

.5670  .5940 

.6050  .5979 

107  ,4646 

.“*738 

.5531 

.5294  .5671 

.5948  .5781 

.5663  .5932 

.6044  .5973 

108  ,4636 

.‘*727 

.5521* 

.5287  .5663 

.591*1  .5774 

.5655  .5925 

.6039  .5967 

109  .4625 

.**715 

.5518 

.5280  .5656 

.5931*  .5767 

.5648  .5917 

.6033  .5962 

110  .4615 

.4704 

.5511 

.5272  .5648 

.5927  .5760 

.5640  .5910 

.6027  .5956 

111  .4605 

.4692 

.5504 

.5264  ,5640 

.5920  .5752 

.5633  .5902 

.6021  .5950 

112  ,4595 

.4681 

.5497 

.5257  .5633 

.5913  .571*5 

.5685  .5895 

.6016  .5944 

113  .4584 

,4669 

.51*90 

.5249  .5625 

.5906  .5738 

,5618  .5887 

.6010  .5938 

114  ,4574 

.4657 

.51*83 

.5242  .5617 

.5899  ,5731 

.5610  .5879 

.6004  .5932 

115  .4563 

.14645 

.51*76 

.5234  .5610 

.5892  .5724 

.5602  .5872 

.5998  .5926 

116  .4552 

.4633 

.51*69 

.5226  .5602 

.5884  .5717 

.5595  .5864 

.5992  .5920 

117  ,4542 

.4621 

.5462 

.5219  .5591* 

.5877  .5710 

.5587  .5856 

.5987  .5914 

118  .4531 

,4609 

.51*55 

.5211  ,5586 

.5870  .5703 

.5579  .5849 

.5981  .5908 

119  .4520 

.4596 

.5448 

.5203  .5579 

.5863  .9695 

.5571  .5841 

.5975  .5902 

120  .4509 

.4584 

.5441 

.5196  .5571 

.5856  .5688 

.5564  .5833 

.5969  .5896 

122  ,4486 

.‘*559 

.51*27 

,5180  .5555 

.5841  .5674 

.5548  .5818 

.5957  .5884 

124  , 4464 

.“*53'* 

.5413 

.5164  .5539 

.5826  .5659 

.5532  .5802 

.5946  .5872 

126  ,4441 

.4508 

.5398 

.511*9  .5523 

.5812  .56^6 

.5516  .5787 

.5931*  .5859 

128  ,4418 

.4483 

.5381* 

.5133  .5507 

.5797  .5630 

.5500  .5771 

.5922  .5847 

130  ,4394 

.4457 

.5369 

.5117  .51*91 

.5782  .5616 

.5484  .5755 

.5910  .5835 

132  .4370 

.4430 

.S59 

.5100  .5475 

,5767  .5601 

.5468  .5739 

.5899  .5823 

134  ,4346 

.4403 

.531® 

.5084  .5458 

.5752  .5586 

.5451  .5723 

.5887  .5810 

136  .4321 

.1*376 

.5325 

,5068  .5442 

.5737  .5571 

.5435  .5707 

.5875  .5798 

138  .4296 

.4349 

.5310 

.5051  .5^^ 

.5722  .5556 

.5418  .5691 

.5863  .5785 

140  .4270 

.4321 

.5295 

.5034  .5409 

.5707  .55^1 

.5^2  .5675 

.5851  .5773 

^Propane  also  kno«m  as  propylene;  butene  also  known  as  butylene. 
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Table  2,  Density  in  pounds  per  gallon 


Temp 

Of 

• 

Pro- 

pane 

Pro- 

nene® 

Butane 

But 

e n e • 

1,3- 

Buta- 

diene 

Pentane 

n- 

iso- 

1- 

Ci8-2 

trans 

-2 

iso- 

n- 

iso- 

-50 

4.877 

5.061 

5.405 

5.254 

5.590 

5.790 

5.637 

5*579 

5.812 

5.745 

5.695 

-4g 

4.867 

5.049 

5.396 

5.245 

5. 580 

5.781 

5.627 

5.569 

5. 801 

5.737 

5.686 

-46 

4.856 

5.038 

5o3s6 

5.235 

5.570 

5«7T1 

5.61? 

5.559 

5.791 

5.728 

5.678 

-44 

4.846 

5o026 

5«377 

5,226 

5.560 

5.761 

5,bOS 

5.549 

5.7S1 

5.719 

5.669 

-42 

4.836 

5.015 

5^368 

5.216 

5.550 

5.751 

5.59s 

5.539 

5.771 

5.711 

5.661 

-4o 

4.825 

5.003 

5»359 

5.207 

5.540 

5.742 

5.588 

5.529 

5.761 

5.702 

5.652 

-38 

4.814 

“*.991 

5*349 

5.197 

5.530 

5.732 

5.579 

5.519 

5.751 

5.693 

5.643 

-36 

4.804 

4.980 

5.340 

5.187 

5.520 

5.722 

5.569 

5.509 

5.740 

5.b85 

5.635 

-34 

^.793 

4,968 

5.331 

5.178 

5.510 

5.712 

5.559 

5.499 

5.730 

5.676 

5.626 

-32 

4.782 

4.956 

5.321 

5.168 

5.500 

5.702 

5.550 

5.489 

5.720 

5.667 

5.617 

-30 

4.772 

4.945 

5.312 

5.158 

5.490 

5.692 

5.540 

5.479 

5.710 

5.659 

5.609 

-28 

4.761 

4..  933 

5.303 

5.149 

5.479 

5.682 

5.530 

5.469 

5.700 

5.650 

5.600 

-26 

4.750 

4,921 

5.293 

5.139 

5.469 

5.672 

^.521 

8.459 

5.6S9 

5.642 

5.591 

-24 

‘*.739 

4.909 

5.284 

5.129 

5.459 

5.662 

5.511 

5.449 

5.679 

5.633 

5.583 

-22 

4.728 

4.897 

5.275 

5.119 

5.449 

5.652 

5.501 

5.439 

5.669 

5.624 

5.574 

-20 

‘‘.717 

4.885 

5.265 

5.110 

5.439 

5.642 

5.491 

5.429 

5.659 

5.616 

5.565 

-18 

4.706 

4.873 

5.256 

5.100 

5.428 

5.632 

5.482 

5.418 

5,648 

5.607 

5.556 

-16 

4.695 

4.861 

5.246 

5.090 

5.418 

5.622 

5.472 

5,4o8 

5.638 

5.598 

5.548 

-14 

4.684 

4.849 

5.237 

5.080 

5. 408 

5.612 

5.462 

5.398 

5.628 

5.590 

5.539 

-12 

4.675 

4.836 

5.227 

5.070 

5.398 

5.602 

5.452 

5.388 

5.617 

5.581 

5.530 

-10 

4.662 

4.824 

5.218 

5.060 

5.387 

5.592 

5.442 

5.378 

5.607 

5.572 

5.521 

-8 

4.651 

4.812 

5.208 

5.050 

5.377 

5.582 

5.432 

5.567 

5.596 

5.564 

5.513 

-6 

4.64o 

>*.799 

5.199 

5.04o 

5.367 

5.572 

5.423 

5.357 

5.586 

5.555 

5.504 

-4 

4.628 

4.787 

5.189 

5.030 

5.356 

5.562 

5.413 

5.547 

5.576 

5.546 

5,495 

-2 

4.617 

4.774 

5.180 

5.020 

5.346 

5.552 

5.403 

5.337 

5.565 

5.537 

5.486 

0 

4.605 

4.762 

5.170 

5.010 

5.336 

5.542 

5.393 

5.526 

5.555 

5.529 

5.478 

1 

4.600 

4.756 

5.166 

5.005 

5.330 

5.537 

5.388 

5.321 

5.550 

5.524 

5,473 

2 

4.594 

4.749 

5.161 

5.000 

5.325 

5.532 

5.383 

5.^16 

5.544 

5.520 

5.469 

3 

4.588 

4.743 

5.156 

4.995 

5.320 

5.527 

5.378 

5.311 

5.539 

5.516 

5.465 

4 

4.583 

4.736 

5.151 

4.990 

5.315 

5.522 

5.373 

5.305 

5.534 

5.511 

5.460 

5 

4.577 

4.730 

5.146 

4.985 

5.310 

5.516 

5.368 

5.300 

5.529 

5.507 

5.456 

6 

4.571 

4.724 

5.i4i 

4.980 

5.304 

5.511 

5.363 

5.295 

5.^23 

5.503 

5.451 

7 

4.565 

4.717 

5.137 

4.975 

5.299 

5.506 

5.358 

5.290 

5.5I8 

5.498 

5.447 

8 

4.559 

4.711 

5.132 

4.970 

5.294 

5.501 

5.353 

5.284 

5.513 

5.494 

5.443 

9 

“*.553 

4.704 

5.127 

4.965 

5.289 

5.496 

5.348 

5.279 

5.50s 

5.489 

5.43s 

10 

4.548 

4.698 

5.122 

4.960 

5.283 

5.491 

5.343 

5.274 

5.502 

5.485 

5.434 

11 

4.542 

4.691 

5.117 

4.955 

5.278 

5.486 

5.338 

5.269 

5.497 

5.480 

5.429 

12 

4.536 

4.685 

5.112 

4.950 

5.273 

5.481 

5.333 

5.264 

5.492 

5.47b 

5.425 

13 

‘*.530 

4.678 

5.108 

4.945 

5.268 

5.476 

5.328 

5.258 

5.486 

5.472 

5.420 

l4 

4.524 

4.672 

5.103 

4.940 

5.262 

5.471 

5.323 

5.253 

5,481 

5.467 

5.416 

•Prooene  also 

known  as  nropylene;  butene  also  known  as  butylene 

Table  2.  Density  in  pounds  ner  gallon  (Cont'd) 
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Temp 

• 

Pro- 

pane 

Pro- 

pene* 

Butane 

But 

e n e • 

1.3- 

Buta- 

diene 

Pentane 

n- 

iso- 

1- 

ci3-2 

trans 

-2 

iso- 

n- 

iso- 

15 

4.518 

4.665 

5.098 

4.934 

5.257 

5.465 

5. 818 

5.248 

5.476 

5.463 

5.^12 

l6 

4.512 

4.659 

5.093 

4.929 

5.252 

5.460 

5.313 

5.243 

5.470 

5.459 

5.4o7 

17 

4.506 

4.652 

5.088 

4.924 

5.246 

5.455 

5. 308 

5.237 

5.465 

5.454 

5.403 

18 

4.^0 

4.645 

5.083 

“*.919 

5.241 

5.450 

5.303 

5.232 

5.46o 

5.450 

5.398 

19 

4,494 

4.639 

5.078 

4.914 

5.256 

5.445 

5.298 

5.227 

5.454 

5.445 

5.394 

20 

4;4S8 

4.632 

5.074 

4.909 

5.231 

5.440 

5.293 

5.222 

5.^49 

5.441 

5.389 

21 

4.482 

4.625 

5.069 

4.904 

5.225 

5. ‘*35 

5.288 

5.216 

5.444 

5.437 

5.385 

22 

4.476 

4.619 

5.064 

4.898 

5.220 

5.430 

5.283 

5.211 

5.438 

5.432 

5.380 

23 

4.470 

4.612 

5-059 

4.893 

5.214 

5.424 

5.278 

5.206 

5.433 

5.428 

5.376 

2k 

4.464 

4. 605 

5.054 

4.888 

5.209 

5.419 

5.273 

5.200 

5.428 

5.423 

5.371 

25 

4.458 

‘t.599 

5.049 

4.883 

5.2o4 

5.4i4 

5.267 

5.195 

5.422 

5.419 

5.367 

26 

4.452 

4.592 

5.044 

4.878 

5.198 

5.^9 

5.262 

5.190 

5.417 

5.415 

5.362 

27 

4.446 

4.^85 

5.039 

4.873 

5.193 

5,i^4 

5.257 

5.184 

5.411 

5.410 

5.358 

28 

4.439 

4.578 

5.03*1 

4.867 

5.188 

5.398 

5.252 

5.179 

5.4o6 

5.4o6 

5.353 

29 

4.572 

5.029 

4.862 

5.182 

5.393 

5.247 

5.174 

5.4oo 

5.4o1 

5.349 

30 

4.427 

4.R65 

5.024 

4.857 

5.177 

5.388 

5.242 

5.168 

5.395 

5.397 

5.345 

31 

4.421 

4.558 

5.019 

4.851 

5.172 

5.383 

5.237 

5.163 

5.390 

5.393 

5.3^ 

32 

4.415 

4.5'SI 

5.014 

4.846 

5.166 

5.377 

5.232 

5.158 

5,384 

5.388 

5.336 

33 

4.409 

4.S44 

5.009 

4.841 

5.161 

5.372 

5.226 

5.152 

5.379 

5.384 

5.331 

34 

4.4o2 

4.537 

5.004 

4.836 

5.155 

5.367 

5.221 

5.14? 

5.373 

5.379 

5.327 

35 

4.396 

4.530 

4.999 

4.830 

5.150 

5.362 

5.216 

5.i4i 

5.368 

5.375 

5.322 

36 

4,390 

4.523 

4.994 

4.825 

5.144 

5.357 

5.211 

5.136 

5.363 

5.370 

5.318 

37 

4.383 

4.517 

4.989 

4.820 

5.139 

5.351 

5.206 

5.131 

5.357 

5.366 

5.313 

58 

4.377 

4.510 

4.984 

4.814 

5.133 

5.346 

5.201 

5.125 

5.352 

5.361 

5.309 

4.371 

4.503 

‘*•979 

4.809 

5.128 

5.341 

5.196 

5.  3 20 

5.346 

5.357 

5.304 

4o 

4.364 

4.496 

4.974 

4.804 

5.123 

5.336 

5.190 

5.114 

5.341 

5.352 

5.300 

Ul 

4.35* 

4. 489 

4.969 

4.798 

5.117 

5.330 

5.185 

5.109 

5.335 

5.348 

5.295 

42 

>*.352 

4.482 

4.964 

4.793 

5.112 

5.325 

5.380 

5.103 

5.330 

5.341* 

5.291 

43 

4.345 

4.474 

4.959 

4.788 

5.106 

5.320 

5.175 

5.098 

5.324 

5.339 

5.286 

44 

‘‘.339 

4.467 

4.954 

4.782 

5.101 

5.314 

5.170 

5.092 

5.319 

5.335 

5.281 

45 

‘*.332 

4.b60 

4.949 

4.777 

5.095 

5.309 

5.165 

5.087 

5.313 

5.330 

5.277 

46 

4.326 

4.453 

4.944 

4.771 

5.090 

5.304 

5.159 

5.081 

5.308 

5.326 

5.272 

47 

4.319 

4. 446 

4.939 

4.766 

5.084 

5.298 

5.154 

5.076 

5.302 

5.321 

5.268 

48 

4.313 

4.439 

4.934 

4.761 

5.078 

5.293 

5.149 

5.070 

5.296 

5.317 

5.263 

49 

4.306 

4.451 

4.929 

4.755 

5.073 

5.288 

5.143 

5.065 

5.291 

5.312 

5.259 

50 

4.300 

4. 424 

4.923 

4.750 

5.067 

5.282 

5.138 

5.059 

5.285 

5.308 

5.254 

51 

4.293 

4.417 

4.918 

4.744 

5.062 

5.277 

5.133 

5.054 

5.280 

5.303 

5.250 

52 

4.286 

4. 410 

4.913 

4.739 

5.056 

5.272 

5.128 

5.048 

5.274 

5.299 

5.245 

53 

4.280 

4.402 

4.908 

4.733 

5.051 

5.266 

5.122 

5.043 

5.269 

5.294 

5.240 

54 

4.273 

>*.395 

4.903 

4.728 

5.045 

5.261 

5.117 

5.037 

5.263 

5.290 

5.236 

*Pronene  also  known  as  propylene;  butene  also  knovn  as  butylene. 
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Table  2,  Density  in  pounds  per  gallon  (Cont®d) 


T€mp.  Butane  But  e n e * 1»3‘=’  Pentane 


Pro- 

pane 

Pro- 

pene* 

n- 

ifio- 

1- 

Ci8-2 

trans 

-2 

iso- 

" Buta- 
diene 

n- 

iso- 

55 

4.266 

4.387 

4.898 

U.722 

5.039 

5.256 

5,112 

5.032 

5.257 

5.285 

5.231 

56 

4.26© 

4.380 

b.892 

4.717 

5*034 

5.250 

5.107 

5.02b 

5,252 

5.281 

5.227 

57 

4.253 

4.373 

4.887 

4,711 

5.028 

5.245 

5.101 

5.021 

5.246 

5,276 

5,222 

58 

4.246 

U.365 

4.882 

4.706 

5*022 

5.23s 

5.096 

5.015 

5.240 

5-272 

5.217 

59 

4.239 

4.358 

4.877 

4.700 

5.017 

5.25*t 

5.091 

5o009 

5.235 

5,267 

5,213 

60 

4.233 

‘*.350 

4.872 

It.  695 

5,011 

5*229 

5,085 

5.004 

5.229 

5,262 

5.208 

61 

4.226 

4, 3 1*5 

4.867 

4.689 

5.006 

5.223 

5,080 

^o99S 

5-224 

5,258 

5.203 

62 

4.219 

‘*.335 

4.861 

4.683 

5,000 

5.218 

5.075 

4.993 

5.218 

5.253 

5.199 

63 

4.212 

4.327 

4.856 

4.678 

4.994 

5.212 

5.070 

■4,987 

5.212 

5,249 

5.194 

6U 

4.205 

4.320 

4.851 

4.672 

4.989 

5.207 

5.064 

4.981 

5o206 

5.244 

5.190 

65 

4.198 

4.312 

4.846 

4. 667 

4.983 

5.202 

5,059 

4.975 

5.201 

5.24o 

5.185 

66 

4.191 

4.304 

4.84o 

4.661 

4.977 

5.196 

5;  053 

4.970 

5.195 

5,235 

5.130 

67 

4.184 

4.296 

4.835 

4.655 

>*.971 

5.19^ 

^.048 

4.96U 

5.1S9 

5.231 

5.176 

68 

4.177 

4.289 

4.830 

4.650 

4.966 

5.185 

5.042 

4,958 

5,184 

5.226 

5.171 

69 

4.170 

4. 281 

4.825 

4. 644 

4,960 

5,180 

5.057 

4.953 

5,178 

5.222 

5.167 

70 

4.163 

4.273 

4.819 

4.638 

4.954 

5.174 

5.032 

4.947 

5,172 

5.217 

5,162 

71 

4.156 

4. 265 

4.gi4 

4.633 

4.949 

5.169 

5.026 

4.941 

5,166 

5,212 

5.157 

72 

4.149 

4.257 

4.S09 

4.627 

4.943 

5.165 

5.021 

4,935 

5,160 

5.  208 

5.153 

73 

i4.l4l 

4.249 

4. 803 

4, 621 

4.937 

5.158 

5.015 

4.930 

5.155 

5,203 

5o148 

74 

4.134 

4.241 

4.798 

4.615 

4.931 

5.152 

5.010 

4,924 

5,149 

5.199 

5.1U3 

75 

4.127 

4.233 

4.792 

4.610 

1^.925 

5.146 

5,00U 

‘^,918 

5,143 

5.194 

5,138 

76 

4.120 

4.225 

4.787 

4. 60  4 

4.920 

5.141 

4.999 

-.912 

5.137 

5,189 

■ 5,134 

77 

4.113 

4.217 

4.782 

4.598 

4.914 

5.135 

4,993 

4.907 

5.131 

6.185 

5,129 

7S 

4.105 

4.209 

4.776 

4.592 

4. 90  8 

5.130 

4.988 

4,901 

5.125 

5.180 

5.124 

79 

4.098 

4.201 

4.771 

4.587 

4.902 

5.12li 

4, 982 

4.895 

5,120 

5,176 

5,120 

SO 

4.090 

4.192 

4.766 

4.581 

4.896 

5.119 

4.977 

4,889 

5.114 

5,171 

5.115 

81 

4.083 

4.184 

4.760 

4.575 

Ji.890 

5.113 

4.971 

4.883 

5.108 

5®  Ibo 

5,110 

82 

4.075 

4.176 

>‘.755 

4.569 

4.884 

5.107 

4.966 

4,877 

5.102 

5.162 

5.105 

83 

4.068 

4a6g 

4,563 

4.87s 

5,102 

4.960 

4.871 

5,096 

5,157 

5.101 

S4 

4.060 

4.159 

4.744 

>*.557 

4.873 

5,096 

4,955 

4,866 

5,090 

5,152 

5.096 

4.053 

4.151 

4.739 

4.551 

4,867 

5.091 

4, 949 

4,860 

5,084 

5.148 

6.091 

s6 

4.045 

4.142 

4.733 

4. 546 

4.S61 

5,085 

4. 944 

4,854 

5»078 

5,143 

5.086 

S7 

4.03  s 

4.134 

4,728 

4.54o 

4.855 

5.079 

4.95s 

4.848 

5,072 

5.138 

5.082 

88 

4.030 

4.125 

4.722 

4.53U 

4.849 

5.074 

4.933 

4.842 

5.066 

5,13^ 

5.077 

89 

4.022 

4.117 

4.717 

4.528 

4,843 

5.068 

4.927 

4.836 

5,060 

5.129 

5,072 

90 

4.015 

4.108 

4.711 

4.522 

4.837 

5.062 

4.921 

4,850 

5,054 

5,124 

5,067 

91 

4.  (jO  ( 

4.099 

4.706 

4.516 

^.831 

5.057 

4.916 

4.824 

5,04g 

5,120 

5,062 

92 

3o999 

4.09! 

4.700 

4.510 

4.825 

5.051 

4.910 

4.818 

5,042 

5,115 

5.058 

93 

3.991 

4.082 

4.695 

4.504 

4.819 

5-045 

4.904 

4.812 

5,036 

5,110 

5,053 

94 

3.983 

4.073 

4.689 

4. 498 

4.813 

5,039 

4. 899 

4.  SO  6 

5.030 

5.106 

5,048 

*Propene  also 

known 

as  propylene; 

butene 

al so  known  as 

butylene. 

8=4827 


Tatile  2,  Density  in  pounds  per  gallon  (Cont'd) 


LC-?3b,p21 


Temp 

• 

Butane 

But 

e n e ^ 

, 1.3- 

Pentane 

9p 

Pro- 

Pro- 

n- 

iso- 

1- 

cl  8-2 

trons 

i so- 

But  a- 

n- 

iso- 

pane 

pene* 

-2 

diene 

95 

3.975 

U.064 

4. 684 

4.492 

4.807 

5.03U 

4.893 

4.800 

5.024 

5.101 

5.043 

96 

3.967 

4.055 

4.678 

4.4s6 

4.800 

5.028 

4,888 

U.79>* 

5.018 

5.056 

5.038 

97 

3.959 

4.046 

4.672 

4.480 

4.794 

5.022 

4.882 

4.788 

5.012 

5.091 

5.034 

9S 

3.951 

4.057 

4.667 

4.474 

4.788 

5.016 

4.876 

4.782 

5.006 

5.087 

5.029 

99 

3.9‘»3 

4.028 

4,661 

4.468 

4.782 

5.01] 

4.870 

4.775 

5.000 

5.082 

5.024 

100 

3.935 

4.019 

4, 656 

4.462 

4.776 

5.005 

4.865 

4.769 

4.994 

5.077 

5.019 

101 

3.927 

4.010 

4.650 

4.455 

4.770 

>*.999 

4.859 

4.763 

4.987 

5.073 

5.014 

102 

3.919 

4.001 

4.644 

4,449 

4.764 

4. 993 

>*.853 

>*.757 

4.981 

5.068 

5.009 

103 

3.911 

3.992 

4.639 

4. 443 

>*.757 

4.987 

4.847 

4.751 

4.975 

5.063 

5.004 

lOU 

3.902 

3.982 

4.633 

4.437 

4.751 

4.982 

4,842 

>*.7>*5 

4.969 

5.058 

5.000 

105 

3.89^ 

3.973 

4.627 

4.431 

4.745 

4.976 

4.836 

4.738 

4.963 

5.054 

4.995 

io6 

3,885 

3.961* 

4.622 

4.424 

4.739 

4.970 

4.830 

4.732 

4.957 

5.049 

4.990 

107 

3.877 

3.954 

4.616 

4.418 

4.732 

4.964 

4.824 

4.726 

4.950 

5.044 

4.985 

108 

3.869 

3.91*5 

4. 610 

4.412 

4. 726 

4.958 

4.818 

^.720 

4.944 

5.039 

4.980 

109 

3.860 

3.935 

4. 605 

4.4o6 

4.720 

4.952 

4.812 

4.713 

4.938 

5.035 

>*.975 

110 

3.882 

3.925 

>*.599 

4.400 

4.713 

4.91^ 

4.806 

>*.707 

4.952 

5.030 

>*.970 

111 

3.8“*3 

3.916 

>*.593 

4.393 

1+.707 

4.9U0 

4. 800 

4.701 

4.925 

5.025 

U.965 

112 

3.83^ 

3.906 

4.587 

4.387 

4.701 

4.934 

4.795 

4.694 

4.919 

5.020 

4.960 

113 

3.826 

3.896 

4.582 

4.381 

4, 694 

4.929 

>*.789 

4.688 

4.913 

5.015 

4.955 

ll4 

3.817 

3.886 

4.576 

4.374 

4.688 

4.923 

4.783 

4.682 

4.906 

5.010 

4.950 

115 

3.808 

3.876 

4.570 

4.368 

4.681 

4.917 

4.777 

4.675 

4.900 

5.006 

4.945 

Il6 

3.799 

3.866 

4, 564 

4.361 

4.675 

4.911 

4.771 

4, 6b  9 

4.894 

5.001 

4.940 

117 

3.790 

3.856 

4.558 

4.355 

4,668 

4.905 

>*.7t>5 

4.662 

4.887 

^996 

>*.935 

118 

3.781 

3.846 

4.552 

4.349 

U.662 

4.899 

>*.759 

4,656 

4.881 

>*.991 

4.930 

119 

3.772 

3.S36 

>*.5>*7 

4.342 

4.656 

4.893 

>*.753 

4.649 

4.874 

4.986 

4.925 

120 

5.763 

3.825 

4.541 

t.336 

4.649 

4.887 

4.747 

4.643 

4.868 

4.981 

4.920 

122 

3.71*^ 

3.805 

It.  529 

4.323 

4.636 

4.874 

4.735 

4.630 

4.855 

4.972 

4.910 

124 

3.725 

3.784 

4.517 

4.310 

4.623 

4.862 

4.723 

4.617 

4.842 

4.962 

4.900 

126 

3.706 

3.762 

4.505 

4.297 

4.609 

4.850 

4.711 

4.603 

4.829 

4.952 

4.890 

128 

3.6S7 

5.741 

4.  U93 

4.283 

4.596 

4.838 

4.698 

4.590 

4.816 

4.942 

4.880 

130 

3.667 

3.719 

4.481 

4,270 

4.582 

4.825 

4.686 

4.577 

4.8O3 

4.932 

4.S69 

132 

5.6^7 

3.697 

4.469 

4.256 

4,569 

4.813 

4.674 

4.563 

4.789 

4.922 

4.859 

I3U 

3.626 

5.675 

4.456 

4.243 

>*.555 

4.800 

661 

4.549 

4.776 

4.912 

4.849 

136 

3.606 

3.652 

4. 444 

4.229 

4.54i 

4.788 

4.649 

4.536 

4.763 

4.902 

4.838 

138 

3.585 

3.629 

4.431 

4.215 

4.528 

4.775 

4.637 

4.522 

4.749 

4.892 

4.828 

ll40 

3.563 

3.606 

4.419 

4.201 

4.51U 

4.763 

4.624 

4.508 

4.736 

4.882 

4,818 

*Propene  also  known  as  propylene;  butene  also  known  as  butylene. 
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LC-756,p22 


TaPle  3.  Tolume  at  60®F  occupied  by  unit 
voltune  at  temperature  indicated 


Temp, 

®P  Pro- 
pane 

Pro- 

pens® 

Butane 

But 

© n e * 

1 

la- 

Buta» 

diene 

Pentane 

n- 

iso- 

1- 

CiB-2 

trans 

-2 

iso» 

n- 

iso- 

-50  1.1524 

1.1633 

1,1094 

1.1192 

1.1155 

1,1074 

iaos4 

ia...l4q 

iaii4 

1,0917 

1.0935 

-4s  1.1499 

1.1607 

I0IO75 

1.1172 

1.1135 

101056 

1.1065 

1.1129 

1,1094 

1,0901 

1.091s 

-46  1.1474 

1.1580 

1.1056 

1.1152 

1.1115 

1,1037 

1,1046 

1,1109 

iao75 

1.0884 

1.0902 

-44  1.1450 

1.1554 

lel037 

1.1131 

1.1095 

1,1018 

1,1027 

1,1090 

iao56 

1,0868 

1.0885 

-42  1.1425 

1.1527 

laois 

1.1111 

1.1075 

1,0999 

1.1008 

I0IO7O 

iao3b 

1,0852 

1,0868 

-J+o  i.i4oo 

1.1501 

1.0999 

1,1091 

1.1055 

1.0981 

1,0989 

i.1050 

iaoi7 

1.0835 

1.0852 

-3S  1.1375 

1.1474 

i,09S0 

1.1070 

1,1035 

1.0962 

1.0970 

1,1030 

1,0997 

1,0819 

1.0835 

-36  1.1550 

1.1447 

1.0961 

1.1050 

1.1015 

1,0943 

1,0951 

1.1010 

1,0978 

1,080? 

1,0819 

-3>t  1.1325 

1.1420 

1,0942 

1.1029 

1,0995 

1,0924 

1,0932 

1,0990 

1,095s 

1.0786 

1.0802 

-32  1.1300 

1.1394 

1.0923 

1,1008 

1,0975 

1*0905 

1,0913 

1,0970 

1*0939 

1,0770 

1.0785 

-30  1.1274 

1.1367 

1.0904 

1,0988 

1.0954 

1,0S86 

1.0894 

1.0950 

1,0919 

1.0753 

1.0769 

-28  1.1248 

1.1339 

1,0885 

1.0967 

1.093^ 

I.O867 

1.0875 

1.0930 

1.0900 

1.0737 

1,0752 

-26  1.1223 

1.1312 

1.0865 

I.O9U6 

1,0914 

1.0848 

1.0856 

1,0910 

1,0880 

1.0720 

1»0735 

-24  1.1197 

1.1285 

1,0846 

1.0926 

1,0894 

1.0829 

1,0837 

1,0889 

I.OS6I 

1.0704 

I0O719 

-22  1.1171 

1.1257 

1.0S27 

1.0905 

1.0873 

1.0810 

1.0818 

1,0869 

1.0841 

1.0687 

1.0702 

-20  1.1146 

1.1230 

1,0807 

1,0884 

1.0853 

1.0791 

1.079s 

1.0849 

1,0821 

1.0671 

1.o6s5 

-18  1.1120 

1.1202 

1,0788 

1,0863 

1.O852 

1,0772 

1.0779 

1.0829 

1,0801 

1,0654 

1.0668 

-16  1.1094 

1.1174 

1.0769 

1.0842 

1.0812 

1,0753 

1.0760 

1.0808 

1,0782 

1.063s 

1.0652 

-14  1.1068 

1.1146 

1,0749 

1.0821 

1.0791 

1,073^ 

1.0741 

1.0788 

1.0762 

1.0621 

1.0635 

-12  1.1041 

1.1118 

1,0730 

1,0800 

1.0771 

1,0715 

1.0721 

1.0768 

1.074? 

1,0605 

1.0618 

-10  1.1015 

1.1090 

1.0711 

1.0779 

1.0751 

1,0696 

1.0702 

1.0747 

1,0722 

1,0588 

1.0601 

-g  1.0988 

1.1061 

1.0691 

1.0758 

1,0730 

1,0676 

1,0683 

1.0727 

1.0702 

1.0572 

1.0585 

-6  1.0962 

1.1033 

1,0671 

1.0737 

1.0709 

1,0657 

1,0663 

1.0706 

1.0683 

1,0555 

1.0568 

-4  1.0935 

1.1004 

1,0652 

1,0715 

1.0689 

1,063s 

1,0644 

I.06S6 

1,0663 

1,0559 

1,0551 

-2  1.0908 

1,0976 

1,0632 

1,0694 

1,0668 

1,061s 

1.0624 

1.0665 

1,0643 

1.0523 

1.0534 

0 1.0881 

1.0947 

1,0613 

1.0673 

1,0647 

1.0599 

1,0605 

1,0644 

1,0623 

1,0506 

1.0517 

1 1.0868 

1.0932 

1,0603 

1.0662 

1.0637 

1,0589 

1,0595 

1.0634 

1,0613 

1,0497 

1.0509 

2 I.OS54 

1.0917 

1.0593 

1.0651 

1,0627 

I.O58O 

1,0585 

1.0624 

1,0603 

1.04?9 

1.0500 

3 1.0841 

1.0903 

1.0583 

1.064l 

1,0616 

1,0570 

1,0575 

1,0613 

1.0593 

i.oUsi 

1,0492 

4 1.0827 

1,0888 

1.0574 

1.0630 

1,0606 

1.0560 

1,0566 

1,0603 

1,0582 

1,0473 

1.0484 

5 1.O8I3 

1.0S73 

1,0564 

1.0619 

1.0595 

1.0550 

1,0556 

1,0593 

1,0572 

1.0464 

1.0475 

6 1.0800 

1,0859 

1,0554 

l.o6og 

1.0585 

l,084l 

1,0546 

1,0582 

1,0562 

1,0456 

1.046? 

7 1.0786 

1.0844 

1,0544 

1.0598 

1.0575 

1.0531 

1,0537 

1,057? 

1,0552 

1,0^448 

1.0458 

8 1,0772 

1.0829 

1.0534 

1.0587 

1,0564 

1,0521 

1.0527 

1,0561 

1,0542 

1,0439 

i.0450 

9 1.0758 

1.0814 

1,0524 

1.0576 

1.055^ 

1.0512 

1,0517 

1,0551 

1.0532 

1.0431 

1,0 44l 

10  1.0744 

1.0800 

1,0514 

1.0565 

1.0543 

1,0502 

1.0507 

1,0541 

1,0522 

1.o423 

1.0433 

11  1.0731 

1.0785 

1.0504 

1,0554 

1.0533 

1.0492 

1.0497 

1.0530 

1,0512 

1.04l4 

1^0424 

12  1.0717 

1.0770 

1,0494 

1,0544 

1,0522 

1.04g2 

1.04g7 

1.0520 

1,0502 

l.o4o6 

l,04i6 

13  1.0703 

1.0755 

1.0484 

1,0533 

1,0512 

1.0472 

1.0477 

1.0509 

1,0492 

1.0398 

1.o4o7 

l4  1.0659 

1.0740 

1.0474 

1.0522 

1.0501 

1.o463 

l.o46g 

1,0499 

1,0481 

1.0390 

1.0599 

*Propene  also  known 

as  propylene; 

butene 

also  i^nown  as 

bxityleae. 

LC-736,p23 


Table  3»  Voluiae  at  60®F  occu'oied  by  unit 

volume  at  temperature  indicated  (Cont'd) 


Temp. 

®F  Pro- 
pane 

Pro- 

pene* 

Butane 

But 

e n e ' 

* 

1,3- 

Buta- 

diene 

Pentane 

n- 

iso- 

1- 

ci8-2 

trans 

-2 

iso- 

n- 

iso- 

15 

1.0675 

1.0724 

1.0464 

1.0511 

1.0490 

1.0453 

1.0458 

1.0488 

1.0471 

1.0381 

1.0391 

16 

1.0661 

1.0709 

1.0454 

1.0500 

1.0480 

1.0443 

1.0448 

1.0478 

1.046l 

1.0373 

1.0382 

17 

1.0647 

1.0694 

1.0444 

1.o489 

1.0469 

1.0433 

1.0458 

1.o467 

1.0’+51 

1.0364 

1.0373 

18 

1.0632 

1.0679 

1.0434 

1.0478 

1.0459 

1.0423 

1.0428 

1.0457 

1.044l 

1.0356 

1.0365 

19 

1.061s 

1.0664 

1.o424 

1.0467 

1.041^8 

1.0  4l4 

1.o418 

1.0446 

1.0431 

1.0348 

1.0556 

20 

l.o6o4 

1.0648 

1.04l4 

1.0456 

1.0437 

l.oUo4 

1,0^\OS 

1.o435 

1.0420 

1.0539 

1.0548 

21 

1.0590 

1.0633 

1.0404 

1.0445 

1.0427 

1.0394 

1.0398 

1.0425 

1.0410 

1.0331 

1.0339 

22 

1.0576 

1,0618 

1.0394 

1.0434 

l,04l6 

1.0384 

1.0388 

1.04l4 

i.oUoo 

1.0323 

1.0330 

23 

1.0561 

1.0602 

1.0384 

1.0423 

1,o405 

1.0374 

1.0378 

1.04o4 

1.0390 

1.0314 

1.0322 

24 

1.0547 

1.0587 

1.0374 

1.o412 

1.0395 

1.0364 

1.0368 

1.0393 

1.0379 

1.0306 

1.0313 

25 

1.0532 

1. 0*^71 

1.0363 

l.o4oi 

1.0384 

1.035^^ 

1.0358 

1.0582 

1.0369 

1.0298 

1.0305 

26 

1.05I8 

1.0556 

1.0353 

1.0390 

1.0373 

1,03^5 

1.0348 

1.0372 

1.0559 

1.0289 

1.0296 

2? 

1.0504 

i.0540 

1.0343 

1.0379 

1,0362 

1.0335 

1.0338 

1.0361 

1.0348 

1.0281 

1.0287 

28 

1,0489 

1.0525 

1.0333 

1.0368 

1.0352 

1.0325 

1.03b 

1.0350 

1.0^8 

1.0272 

1.0279 

29 

1.0474 

1.0509 

1.0523 

1.0357 

1.0341 

1.0315 

I.03I8 

1.0340 

1.0328 

1.0264 

1.0270 

30 

i.o46o 

1.0493 

1.0313 

1.0345 

1.0331 

1.0305 

I.0308 

1.0329 

1.0317 

1.0255 

1.0262 

31 

1.0445 

i;o478 

1.0303 

1.0334 

1.0320 

1.0295 

•1.0298 

I.O5I8 

1.0307 

1.0247 

1.0255 

32 

1.0431 

1,o462 

1.0292 

1.0323 

1.0309 

1,0285 

1.0288 

I.O3O8 

1.0297 

1.0239 

1.0245 

33 

1.04i6 

1.0446 

1.0282 

i.0312 

1.029s 

1.0275 

1.0277 

1.0297 

1.0286 

1.0230 

1.0236 

34 

l,04oi 

1.0430 

1.0272 

1.0300 

1.0287 

1.0265 

1.0267 

1.0286 

1.0276 

1.0222 

1.0227 

35 

1.0386 

l,04l4 

1.0262 

1.0289 

1.0276 

1.0255 

1.0257 

1.0275 

1.0265 

1.0213 

1.0218 

36 

1.0372 

1.0398 

1.0251 

1.0278 

1.0266 

1.0245  1.0247 

1.0264 

1.0255 

1.0205 

1.0210 

37 

1.0357 

1.0383 

1.0241 

1.0266 

1.0255 

1.0234  1.0237 

1.0254 

1.0244 

1.0196 

1.0202 

38 

1.0342 

1.0367 

1.0231 

1.0255 

1.0244 

1.0224 

1.0227 

1.0243 

1.0234 

1.0188 

1.0193 

39 

1,0327 

1.0351 

1.0220 

1.0244 

1.0233 

1.0214 

1.0217 

1.0232 

1.0224 

1.0179 

1,0184 

1.0312 

1.0334 

1.0210 

1.0232 

1.0222 

1.0204  1.0207 

1.0221 

1.0213 

1.0171 

1.0175 

4l 

1.0296 

1.0318 

1.0200 

1.02b 

1.0211 

1.0194 

1.0196 

1.0210 

1.0203 

1.0162 

1.0167 

42 

1.0281 

1.0302 

1.0190 

1.0209 

1.0200 

1.0184  1.0186 

1.0199 

1.0192 

1.0154 

1.0158 

43 

1,0266 

1.0286 

1.0179 

1.0198 

1.0189 

1.0174  1.0176 

1.0188 

1.0182 

1.0145 

1.0149 

44 

1.0251 

1.2070 

1.0169 

1.0186 

1.0178 

1.0164 

1.0166 

1.0177 

1.0171 

1.0137 

1.0l4l 

45 

1.0235 

1.0253 

1.0158 

1.0175 

1.0167 

1.0154  1.0156 

1.0166 

1.0161 

1.0128 

1.0132 

46 

1.0220 

1.0237 

1.0148 

1.0163 

1.0156 

1.0144  1.0145 

1.0155 

1.0150 

1.0120 

1.0123 

47 

1.0205 

1.0220 

1.0137 

1.0152 

1.0145 

1.0133 

1.0135 

1.0144 

1.0139 

1.0111 

1.0114 

48 

1.0189 

1.0204 

1.0127 

1.0140 

1.0134 

1.0123 

1.0125 

1.0133 

1.0129 

1.0105 

1.0106 

49 

1.0174 

1.0187 

1.0117 

1.0129 

1.0123 

1.0113 

1.0114 

1.0122 

1.0118 

1.0094 

1.0097 

50 

1.0159 

1.0170 

1.0106 

1.0117 

1.0112 

1.0103 

1.0104 

1.0111 

1.0107 

1.0086 

1.0088 

51 

1.0143 

1.0154 

1.0096 

1.0106 

1.0101 

1.0093 

1.0094 

1.0101 

1.0097 

1.0077 

1.0080 

52 

1.0127 

1.0137 

1.0085 

1.0094 

1.0090 

1.0082 

1.0083 

1.0089 

1.0086 

1.0069 

1.0071 

53 

1.0112 

1.0120 

1.0074 

1.0083 

1.0078 

I.CO72 

1.0073 

1.0078 

1.0075 

1.0060 

1.0062 

54 

1.0096 

1.0103 

1.0064 

1.0071 

1.0067 

1.0062 

1.0063 

1.0067 

1.0065 

1.0052 

1.0053 

•Propene  alsc 

) known 

as  propylene; 

butene 

also  known  as 

butylene. 
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Table  3*  Volume  at  60®?  occuuied  by  unit 

volume  at  temperature  indicated  (Cont'd) 


Temp. 

®?  Pro- 

uane 

Pro- 

oene® 

But* 

n- 

55  1.0080 

1.0086 

1.0053 

56  1.0064  1,0069 

1.0042 

57  1.0048 

1.0052  1.0032 

58 

1.0032 

1.0035  1,0021 

59 

1.0016 

1.0017 

1.0011 

60  1.0000 

1.0000 

1.0000 

61  0.9984  0.9983 

0.9980 

62 

.9968 

.9965 

,9978 

63 

.9951 

.99‘*7 

,9968 

64 

.9955 

,9930 

,9957 

65 

.9919 

,9912 

,9946 

66 

.9902 

,9895 

,9935 

67 

.9886 

,9877 

,9925 

68 

.9869 

.9859 

,9914 

69 

.9852 

,9841 

,9903 

70 

.9836 

.9825 

.9892 

71 

.9819 

.9805 

.9881 

72 

.9802 

,9786 

.9870 

73 

.9785 

,9768 

.9859 

74 

.9768 

,9750 

.9848 

75 

.9751 

,9731 

,9837 

76 

.Q734 

.9713 

,9826 

77 

.9717 

,9694 

.9815 

78 

.9699 

,9675 

.9804 

79 

.9682 

,9657 

,9793 

80 

,9664 

,9638 

,9782 

81 

.9647 

,9619 

,9771 

82 

.9629 

.9600 

,9760 

83 

.9611 

,9580 

• 9T“t9 

84 

.9594 

,9561 

,9738 

85 

,9576 

.9542 

,9727 

86 

,9558 

,9523 

,9715 

87 

• 9540 

,9503 

,9704 

88 

,9522 

.9484 

,9693 

89 

.9503 

.9464 

,9682 

90 

.9485 

.9444 

.9670 

91 

,9467 

.9424 

,9659 

92 

.9448 

.9^4 

,964s 

93 

.9^30 

,9384 

,9637 

94 

.«4li 

,9363 

,9625 

•^Propene  also 

known 

u t e n e * 


iso- 


1- 


1*3- 


ci8-2  trane  iso-  Buta- 
“2  diene 


Pentane 

iso- 


n- 


1«0031  1.0031  1*003^  I0OO32  1^0026  1.0027 


c9b95 

.9683 

,9670 

.9657 

»9b45 

o9632 

.9619 

.9607 

.999U 

.9581 


.9711 

.9699 

,9687 

.9675 


.9652 

.9640 

.9627 

.9615 

.9603 


.9979  .9979  .9978 
,9969  .9969  .9966 

.9958  .9958 


,9943 

.9932  .9937 

9921  .9927 
9909  .9917 
9898  .9906 


,9831  .9840  .9853 


.9795  '.9805 
,9782  .979^ 

.9770  ,9782 

.9758  .9770 

.9745  .9758 

.9732  .9747 
.9720  ,9755 


.9843 

.9832 

.9822 

,9811 

,9800 

.9789 

.9779 

.9768 

.9757 

.9747 

.9736 

.9725 

,9714 

.9703 

,9692 

,968? 
.9671 
« 9660 
.9649 
.9638 


>9733 

.9722 

.9711 

.9700 


,9678 

.9667 

.9656 

.9614+ 

.9633 


9978  ,9983  ,9982 

9967  .9974  .9973 
9955  .9956  .9965 


.9947 

,9937 

.9926 

.9916 

.9905 

.989*^ 

.9884 

.9873 

.9862 

.9852 

.9841 

,9830 

.9819 

.9809 

.9798 


9944  ,9946  .9957 
9932  ,9935  ,99^^ 
9921  ,9924  .9940 
9910  .9913  ,9931 
9898  .9902  .9922 

9887  .9891  .9913 
9875  .9880  .9905 
9864  .9868  .9896 
9852  .9857  .9887 
9841  .9846  .9878 

9829 
9817 
9806 
9794 
9783 


.9787  .9771 

.9776  .9759 

.9765  ,9748 

.9754  .9736 


.9712 

.9700 

.9688 

.9676 

.9665 

.9653 

.9641 

.9629 

.9617 

.9605 


.9835 

.9824 

.9813 

.9802 

.9790 

.9779 

.9768 

.9757 

,9645 


.9870 

.9861 

.9852 

.9843 

.9835 

.9826 

.9817 


,9743  .9724  .9734 


.9723 

.9711 

.9700 


.9677 

• 9665 
.9654 
.9642 

.9631 

.0619 


.9799 

.9791 

.9782 

.9773 

.9764 

.9755 

.9746 

.9737 

.9729 

.9720 

.0711 

.9702 


9964 

.9955 

,9947 

.9938 

.9929 

.9920 

,9911 

.9902 

.9893 

,9884 

.9875 

.9866 

.9857 

,9848 

.9839 


.9821 

.9812 

,9803 


.9775 

.9766 

.9757 

,9748 

,9739 

.9729 

,9720 

.9711 

,9702 

.9693 


known  as  propylene;  butene  also  known  as  butylene* 
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Table  3*  Volume  at  bO®P  occupied  by  unit 

volume  at  temperature  indicated  (Cont'd) 


Temp,  Butane  Butene* 1»3-  Pentane 

®F  Pro-  Pro-  n-  ieo-  1-  ci8-2  trann  leo-  Buta-  n-  ino- 

pene  pene*  -2  diene 


95  0.9393  0.93^3  O.961U  0.95^8  0.9591  0.9627  0.9622  0. 9*^92  0.9608 

96  .937^  .9322  .9602  .9595  .9579  .9616  .9611  .9580  .9596 

97  .9355  .9302  .9591  .95^2  .9567  .9605  .9600  .9568  .9585 

98  .9336  .9281  .9579  .9529  .9555  .959^  .9589  .9556  .9573 

99  .9317  .9261  .9568  .9516  .95^3  .9583  .9577  .95^4  .9561 


0.9693  0.9683 
.9684  .967U 

.9675  .9665 
.9666  .9655 

.9657  .9646 


100  .9298 

101  ,9278 

102  .Q259 

103  .9239 

104  .9220 


.9240  .9586 

.9219  .95^ 

.9198  .9533 
.9176  .9521 
.9155  .9510 


.9503  .9530 

.9490  .9518 

.9477  .9506 
.9464  .9493 
.9451  .9481 


.9572  .9566 
.9561  .9555 
.9550  .9543 
.9538  .9532 
.9527  .9521 


.9532  .9549 
.9519  .9538 
.9507  .9526 
;9494  .9514 
.9482  .9503 


.9648  .9637 
.9639  .9627 
.9630  .9618 
.9621  .9609 
.9612  .9599 


105  .9200 

106  .9180 

107  .9160 

108  ,9l4o 

109  .9120 


.9134  .9498 
.9112  .9486 
.9090  .9475 
,9068  .9463 
,9046  .9452 


.9438  .9468 
.9425  .9456 
.9411  .9443 

.9398  .9431 

.9385  .9418 


.9516  .9509 
.9505  .9498 
.9494  ,9486 
,9^S2  .9475 
.9471  .9463 


.9^70  .9491 

.9457  .9479 
.9445  .9467 
.9^8  2 .9455 
.9420  .9443 


.9603  .9590 

.9594  .9581 
.9585  .9571 
.9576  .9562 
.9567  .9552 


110  .9100 
111  .9080 

112  .9059 

113  .903s 

114  .9018 

115  .8997 

116  .8976 

117  .8954 
11s  ,8933 

119  .8911 

120  ,8890 
122  .8846 
124  .8801 
126  .8756 
128  ,8710 

130  .8663 
132  .8616 
134  ,8568 
136  .8519 

138  .8470 
l4o  .8419 


.9024  .9440 
,9002  .9428 
.8979  .9416 
.8956  .9404 

.8934  .9392 

,8911  .9380 

.8888  .9368 
.8864  .9356 
.8841  .9344 

.8818  ,9332 

.8794  .9320 
.8746  .9296 
.8698  .9272 

,8649  .92ii7 
.8599  .9222 

.8549  .9197 

,8499  .9173 
.8447  .9147 
.8395  .9122 
.8342  .9096 

.8289  .9070 


.9372  .9405 
.9358  .9393 

.9345  .9380 

.9331  .9367 

.9318  .9355 
.9304  .9342 

.9291  .9329 
.9277  .9316 
.9263  .9303 
,9249  .9290 

.9236  .9277 
,9208  .9251 
.9180  .9224 
.9152  .91'^8 
.9124  .9171 

.9095  .9144 
.9066  ,9117 
.9037  .9090 
.9008  .9062 
.8978  .9035 

,8949  .9007 


.91160  .9*^52 
.9449  .94^40 
.9437  .9428 

.9426  .9417 

.9415  .9405 

. 9^103  .9393 
.9392  .9381 
,9380  .9370 

.9369  .9358 

.9357  .9346 

.93^^  .9334 
.9322  .9311 
.9299  .9287 
.9276  .9263 
,9252  .9239 

.9229  .9215 
.9205  .9191 
.9181  .9167 

.9157  .9143 
.9133  .9118 

.9109  .9092 


.9407  .9431 
.9394  .9419 

.9382  .9407 

.9369  .9395 

.9356  .9383 

.9343  .9371 

.9331  .9358 

.9318  .9346 

.9305  .9334 

.9292  .9322 

.9279  .9309 
.9253  .9285 
.9226  .9260 
.9200  .9235 
,9173  .9210 

.9146  .9185 
.9119  .9159 
.9092  .9134 

,9064  .9108 

.9037  .908? 
.9009  .9056 


.9558  .9543 

.9548  .9533 

.9539  .9524 

.9530  .9514 

.9521  .9505 

.9512  .9495 
.9503  .9485 
.9493  .9476 

.Qi;g4  .9466 

.9475  .9457 

.9466  ,9447 

.9447  .9427 

.9429  .9408 

.9410  .9388 
.9392  .9369 

.9373  .9349 

.9354  .9330 

.9335  .9310 
.9316  .9290 
.9297  .9270 

.9278  .9250 


*Propen©  also  known  as  propylene;  butene  also  knovna  as  butylene. 
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